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GROUND  WATER  IN  THE  WATERBURY  AREA, 
CONNECTICUT. 


By  Abthub  J.  Ellis. 


INTRODUCTION. 

The  Waterbiiry  area  comprises  a  section  of  west-central  Connecticut 
approximately  25  miles  long,  7  miles  wide,  and  171  square  miles  in 
extent,  reaching  from  Housatonic  River  northward  to  Thomaston 
and  including  the  lower  part  of  the  Naugatuck  Valley,  its  east  and 
west  borders  coinciding  approximately  with  the  divides  between 
the  Naugatuck  and  other  rivers.  Within  it  are  the  towns  of  Ansonia, 
Seymour,  Oxford,  Beacon  Falls,  Naugatuck,  Middlebury,  Waterbury, 
Watertown,  and  Thomaston.     (See  fig.  1.) 

Topographically  the  area  consists  of  a  troughlike  valley  with  narrow 
floor,  intersected  by  narrow  valleys  of  streams  tributary  to  the 
Naugatuck.  At  some  places  bare  rock  cliffs  rise  from  the  edges  of  the 
river  to  heights  of  more  than  a  hundred  feet;  at  other  places,  where 
tributaries  enter,  the  lowlands  are  a  nule  or  more  in  width.  The  lowest 
land,  on  Naugatuck  River,  where  it  crosses  the  south  line  of  Ansonia, 
is  only  18  feet  above  sea  level;  the  highest,  on  Lattin  Hill  near  the 
north  boundary  of  Thomaston,  is  1,022  feet  above  sea  level. 

Naugatuck  River  flows  southward  through  the  entire  length  of  the 
Waterbury  area,  having  a  total  fall  within  the  area  of  about  400  feet. 
It  receives  a  number  of  small  but  important  streams  between  Thomas- 
ton and  Ansonia,  notably  the  West  Branch  of  the  Naugatuck,  Mad 
River,  Steel  Brook,  Long  Meadow  Pond  Brook,  Little  River,  and 
Bladens  River.  A  small  part  of  the  drainage  passes  directly  into 
HoTisatonic  River  above  the  mouth  of  the  Naugatuck,  and  Eightmile 
Brook,  which  collects  the  drainage  in  the  southwestern  part  of  the 
uea,  is  also  tributary  to  the  Housatonic. 

The  excellent  water-power  sites  along  the  Naugatuck  invited 
settlers  into  that  valley  very  early  in  the  history  of  the  State,  and 
tiie  growth  of  industrial  enterprises,  although  somewhat  slow  at 
first,  has  been  very  rapid  during  the  last  few  decades.  The  manu- 
facture of  brass  articles  and  general  f oimdry  work  rank  first  among 
the  mdustries,  and  in  these  as  well  as  nearly  all  others  water  power  has 
played  an  important  part.  But  water  is  needed  not  only  for  power 
but  for  other  industrial  purposes  as  well  as  for  mimicipal  supplies, 
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aBOLOGY.  9 

m^\3tithe  increase  and  diversification  of  population  and  indns- 
tries  conflicts  of  interest  have  arisen — conflicts  between  water-power 
Tisers  and  domestic  consumers,  between  towns  for  the  right  to 
make  use  of  a  given  stream  or  area;  and  between  cities  interested 
in  sewage  disposal  and  adjacent  communities  affected  thereby. 
Industrial  development  inevitably  taxes  the  natural  water  resoiu'ces 
of  a  commimityy  and  although  investigations  of  the  local  water 
problems  may  aid  in  formulating  methods  for  conserving  the  use 
of  water,  it  is  necessary  that  State-wide  regulations,  following  intel- 
ligent l^islation,  should  be  adopted  to  provide  for  the  future. 

OEOLOOT. 

OBYSTAUmiE  BOCKS. 

The  area  is  underlain  by  crystalline  rocks  of  undetermined  age, 
which  have  been  classified  according  to  lithologic  characteristics 
into  the  formations  *  described  in  the  following  paragraphs: 

1.  Orange  phyUite. — ^This  rock  is  a  slate  or  phyllite,  highly  fissile, 
seridtic,  and  usually  dotted  with  minute  garnets.  It  is  character- 
ized by  many  quartz  veins  and  lenses  of  quartz.  It  is  believed  to 
have  been  originally  a  more  or  less  calcareous  shale. 

2.  Thomaston  granite  gneiss. — This  rock  varies  in  structure  from 
I       an  almost  massive  granite  to  a  rock  with  distinctly  schistose  phases. 

It  is  of  igneous  origin,  as  shown  by  the  fact  that  it  often  occurs  as 

dikes  and  includes  fragments  of  other  rocks, 
c  3.  Hoosac    Q'Hariland^^)   schist. — ^This   formation   is   everywhere 

I  a  mica  schist  of  well-marked  character,  but  exhibits  great  variation 
j  in  texture,  composition,  and  appearance,  due  to 'large  intrusions  of 
I  igneous  rock.  It  is  of  sedimentary  origin.  The  *'Hartland'*  schist 
I  of  Connecticut  has  been  traced  into  the  Hoosac  schist  of  Massachu- 
i  setts,  and  the  name  ''Hartland^'  has  been  abandoned  by  the  United 
I       States  Geological  Survey  in  favor  of  the  older  name  Hoosac.    The 

Hoosac  schist  is  regarded  as  of  Ordovician  age. 

4.  Waterbury  gneiss. — ^This  gneiss  was  doubtless  originally  Hoosac 
("Hartland")  schist,  whose  texture  has  been  changed  by  granitic 
intrusions  and  quartzose  veins. 

5.  Prospect  granite  gneiss. — ^This  is  a  light-gray  granitic  rock  whose 
gneissoid  appearance  is  produced  by  bands  of  granular  quartz  and 
feldspar  interbedded  with  layers  composed  chiefly  of  biotite.  The 
porphyritic  mineral  is  usually  white  or  pink  orthoclase  in  crystals 
ranging  in  length  from  one-sixteenth  inch  to  3  inches.  The  rock  was 
probably  a  granite  porphyry  intruded  into  the  Hoosac  schist. 

1  IUo»,  W.  K.,  and  Qttgory,  H.  E.,  Haxmal  of  the  geology  of  Coxmeoticat:  ConnectUmt  State  Qeol.  and 
Kat. Hirt.  Sonrey  Bull.  6,  pp.  96-110, 1906.  Gregory,  H.  E.,  and  Robinson,  H.  H.,  Preliminary  geologlo 
map  of  Coimecticat:  Connecticut  State  Geol.  and  Nat.  Hist.  Survey  Bull.  7,  pp.  33, 34,  and  map,  1907. 

*nM  retention  In  this  economic  report  of  the  geologlo  names  used  In  the  reports  published  by  the  State 
4o«  not  Imply  their  adoption  by  the  United  States  Geological  Survey,  and  all  are  subject  to  revision, 
ottipt  Booooo  sdilit,  which  has  been  adoptsd. 
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6.  Amphiboliie. — ^This  rock  is  distinctly  gneissoid  in  structure,  and 
is  competed  in  large  part  of  porphyritic  feldspar  and  green  horn- 
blende, with  a  subordinate  amount  of  quartz. 

7.  Diahase. — ^This  rock  is  a  colored  trap  occurring  as  dikes  intruded 
into  the  older  crystaUine  rocks.    It  is  probably  of  Triassic  age« 

GLACIAL  DRIFT. 

The  crystalline  rocks  are  covered  by  deposits  of  glacial  drift  derived 
from  the  great  ice  sheets  which  in  the  Pleistocene  epoch  extended  over 
the  State.  They  are  of  two  general  types:  The  unstratified  drift,  also 
called  ''till,"  which  consists  of  heterogeneous  mixtures  of  all  the  rock 
dfibris  deposited  directly  by  the  ice;  and  the  stratified  drift,  which 
consists  of  glacial  materials  that  were  rehandled  by  water  and  are 
therefore  assorted  into  layers  of  different  degrees  of  coarseness.  Till 
constitutes  the  surface  deposits  over  most  of  the  highland  areas,  and 
stratified  drift  is  found  chiefly  in  the  stream  valleys. 

SOURCE  AND  OCCURRENCE  OF  GROUND  WATER. 

OBIGIK. 

iThe  ground  water  of  the  Waterbury  area  is  derived  from  the  precipi- 
tation within  the  area  and  near  its  borders.  Owing  to  the  ruggedness 
of  the  bedrock  sxu*f ace  and  the  thinness  of  the  overlying  drift,  which 
together  prevent  an  extensive  underground  circulation,  the  ground 
water  of  any  particular  locality  is  derived  from  very  local  sources. 

Owing  to  the  small  size  of  the  area,  the  precipitation  is  evenly 
distributed,  and,  as  shown  in  the  following  table,  is  nearly  uniform 
throughout  the  year. 

Rai7\faU  in  Waterbury  from  1887  to  IBli,  inclusive, o 
[Reoorded  by  N.  J.  Walton.] 


Year. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

ToCaL 

1887 

1888 

4.75 
4.73 
6.85 
2.54 
10.06 
6.01 
2.96 
2.68 
4.86 
2.37 
4.58 
5.00 
3.82 

8.n 

1.78 
3.43 
3.78 
4.45 
6.51 
2.79 
8.45 
4.72 
3.83 
&05 
2.00 
2.86 

6.07 
5.11 
1.61 
3.77 
5.65 
1.30 
7.37 
4.13 
1.02 
9.25 
8.48 
3.40 
4.58 
8.46 
.55 
6.67 
4.32 
2.54 
1.60 
2.20 
2.52 
6.86 
6.15 
4.27 
2.81 
3.20 

4.24 
6.46 
2.02 
6.08 
5,08 
3.45 
4.83 
1.43 
2.58 
5.00 
2.67 
2.47 
6.75 
5.51 
7.44 
5.66 
6.45 
8.74 
8.69 
5.97 
1.53 
3.07 
4.36 
1.16 

3.04 
1.78 
4.20 
2.43 
3.86 
.95 
3.49 
3.16 
3.85 
1.83 
1.97 
3.67 
1.80 
2.23 
11.51 
4.11 
3.38 
4.50 
2.85 
4.30 
2.77 
2.65 
7.97 
4.08 
3.75 
4.38 

0.13 
4,13 
4.64 
5.97 
1.84 
5.65 
6.44 
7.58 
1.96 
2.34 
5.34 
6.86 
2.07 
4.39 
8.08 
2.01 

.78 
8.31 
1.27 
3.74 
8.87 
5,85 
2.83 
2.95 

.87 
5.51 

6.60 
1.56 
4.00 
3.26 
1.14 
2.27 
1.82 

.54 
2.82 
5.71 
3.77 

.04 
2.32 
8.02 

.65 
5.16 
11.25 
4.20 
4.22 
4.83 
4.87 
1.10 
8.11 
3.30 
3.33 

.91 

3.79 
2.78 

10.83 
4.96 
4.17 
4.37 
3.31 
2.43 
3.73 
3.16 

18.10 
3.37 
6.02 
3.10 
4.44 
4.58 
3.71 
4.62 
4.20 
5.49 
2.20 
6.53 
1.56 
3.04 
4.54 
8.63 

5.64 
4.53 
2.76 
4.60 
8.04 
5.30 
7.22 
2.41 
7.20 
2.67 
3.51 
0.48 
1.08 
2.00 
0.37 
2.82 
0.36 
4.03 
5.65 
2.71 
1.35 
6.53 
8.47 
8.16 

an 

8.12 

1.68 
7.57 
4.26 
4.08 
1.68 
2.62 
1.75 
5.35 
2.16 
5.01 
2.18 
2.52 
5.30 
2.15 
6.25 
6.42 
3.02 
&02 
4.27 
1.02 
0.82 
1.39 
4.61 
2.56 
2.21 
2.34 

2.07 
4.72 
4.03 
6.80 
3.04 
.02 
5.21 
4.01 
6.10 
2.77 
1.08 
5.82 
2.42 
8.60 
4.32 
6.10 

4.n 

3.05 
2.60 
6.26 
6.80 
2.43 
1.17 
.08 
a27 
3.52 

2.25 
4.42 

8.74 
0.93 
3.33 
5.96 
2.49 
4.30 
6.22 
3.09 
6.00 
7.67 
1.60 
6.96 
2.37 
1.34 
2.30 
1.80 
1.72 
2.18 
6.60 
1.14 
1.80 
6.40 
4.48 
8.97 

&23 
6.84 
2.74 
6.21 
6.71 
1.74 
4.08 
4.21 
3.83 
2.30 
6.99 
3.86 
2.81 
2.66 
9.82 
6.92 
4.87 
3.28 
8.72 
4.18 
6.81 
8.75 
4.83 
2.21 
8.44 
4.64 

47.96 
68.57 

1880 

189D 

65.80 
51.62 

1801 

48.60 

1802 

40.44 

1803 

60.07 

1804 

43.13 

1805 

45.41 

1800 

46.58 

1807 

6&67 

1808 

65.14 

1800 

40.61 

1900 

46.83 

1901 

66.68 

1902 

65.21 

1903 

64.44 

1904 

48.23 

1905 

4Z09 

1906 

46.61 

1907 

49.36 

1908 

46.02 

1900 

45.68 

1010 

41.16 

1011 

4&52 

1012 

46.46 

▲▼wage 

4.81 

4.23 

4.88 

3.67 

8.86 

3.32 

4.72 

4.68 

8.02 

8.06 

3.00 

4.86 

4&00 

a  From  Waterbury  City  SaglBeir't  Ann.  Bept.,  1012. 
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A.     BOWLOER.STREWN  LANDSCAPE  IN  TtLL-COVEREO  AREA,  ANSONIA.  CONN. 


H.     STRATIFIED  BEDS  OF  COARSE  SAND.  ANSONIA,  CONN. 
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WATBB  m  THB  OLACIAL  DBIFT. 
OIBCULATION. 

The  chief  water-bearing  formations  of  the  Waterbury  area  are  the 
unconsolidated  materials  that  cover  the  bedrock.    These  materials 
absorb  rain  water  at  a  rate  and  to  an  extent  depending  chiefly  on 
dieir  porosity.    The  most  porous  beds  are  composed  of  gravel  and 
sand,  the  least  porous  of  compact  clays.    The  unstxatified  drift,  which 
coYffls  most  of  the  area,  is  a  mixture  of  bowlders,  gravel,  sand,  and 
day,  and  its  porosity  depends  on  the  relative  amoimts  of  these . 
materials.     (See  PL  I.)    Much  of  the  unstratified  drift  is  of  the 
"stony"  or  "bowldery "  type,  which  contains  practically  no  day  and 
which  possesses  a  porosity  equal  to  that  attained  by  coarse  varie- 
ties of  stratified  drift.    'Die  leas  porous  types  of  unstratified  drift 
may  be  represented  by  the  following  averages  of  the  analyses  of  16 
samples  collected  from  12  drumlins  in  the  Boston  basin.^    These 
analyses  were  made  after  removing  all  stones  2  inches  or  more  in 
diameter,  which  constituted  about  10  per  cent  of  the  original  material. 

Average  compoeition  of  unttrat\fied  drift  in  Boiton  basin. 

Peroait. 

GntYol 24.90 

Sand 19.51 

Rock  flour 43.86 

day  (three-fourdiB  rock  floor) 11.67 

99.94 

Other  factors  influencing  the  amount  of  water  absorbed  are  the 
growth  of  v^etation,  the  topography,  the  occurrence  and  duration 
of  frost  in  the  ground,  and  the  atmospheric  conditions  that  govern 
eraporation  and  rates  of  precipitation. 

He  water  absorbed  by  the  soil  descends  and  saturates  the  lower 
part  of  the  glacial  drift,  which  serves  as  a  reservoir  for  the  storage 
of  this  water.  The  efficiency  of  the  drift  in  this  respect  depends 
Wgdy  on  the  rate  of  imderground  drainage,  the  three  principal 
factors  of  which  are  porosity,  the  arrangement  of  layers  having 
different  porosities,  and  the  topography  of  the  bedrock  on  which 
the  water-bearing  bed  rests.  The  most  porous  beds,  such  as  the 
gravels  of  the  Naugatuck  Rivw  valley  (PL  III,  in  pocket),  absorb  water 
most  rapidly,  but  they  also  allow  the  water  to  circulate  most  freely 
ami  therefore  are  most  rapidly  drained.  Impervious  materials, 
sack  as  days,  occurring  among  porous  deposits  are  related  to  imder- 
ground drainage  as  dams  or  other  obstructions  are  related  to  surface 
drainage.  They  divert  or  impound  the  percolating  waters  and  in 
many  places  produce  springs  and  swamps.  Except  where  the  drift 
is  thick,  the  topography  of  the  bedrock  below  the  water-bearing  beds 

» Ctxalbj,  W.  O.,  Compofitiim  of  till  or  bowlder  clay:  Boeton  Soc.  Nat.  Hist.  Proc.,  vol.  25,  p.  134, 1800. 
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is  related  to  underground  drainage  as  the  topog- 
raphy of  the  land  is  related  to  surface  drainage. 
Over  most  of  the  Waterbury  area  the  drift  is  thin 
and  the  topography  of  the  bedrock  surface  closely 
conforms  to  the  present  topography  of  the  land 
surface,  except  that  it  is  more  rugged  and  has 
greater  relief.  The  bedrock  usually  outcrops  on 
the  hilltops  and  steep  slopes  (PI.  Ill)  but  lies  at 
considerable  depths  in  some  of  the  valleys,  for  ex- 
ample, in  the  Naugatuck  Valley  near  Waterbury, 
where  bedrock  is  reached  at  a  depth  of  more  than 
100  feet  below  the  river  (fig.  2).  Because  of  the 
similarity  between  the  forms  of  the  rock  surface 
and  the  surface  of  the  groimd  the  direction  of  un- 
derground drainage  corresponds  very  closely  to 
the  direction  of  surface  drainage.  The  ground 
water,  like  the  surface  water,  flows  most  rapidly  on 
steep  slopes,  but  because  of  the  resistance  oflfered 
by  the  soil  particles  it  moves  much  more  slowly 
than  the  surface  water  and  is  generally  replenished 
by  rainfall  before  the  supply  contributed  by  pre- 
vious precipitation  has  been  drained  away.  Most 
of  the  ground  water  finds  its  way  to  the  surface 
through  the  flow  of  springs  and  seepage  areas,  by 
capillary  rise  and  evaporation,  and  by  transpira- 
tion of  trees  and  other  plants;  a  comparatively 
small  amomit  is  drawn  from  wells. 

THE    WATER   TABLE. 

The  water  table  is  the  plane  below  which  the 
groimd  is  saturated  with  water.  Its  topography  is 
similar  to  that  of  the  land  surface  but  less  rugged. 
CJonsequently  it  is  generally  nearest  the  land  sur- 
face in  the  valleys  and  farthest  from  the  surface  on 
the  hilltops,  where  it  may  lie  at  a  depth  of  30  or  40 
feet.  The  surfaces  of  streams,  ponds,  and  lakes 
are  generally  continuous  with  the  water  table  and 
may  be  regarded  as  forming  parts  of  it.  In  bogs, 
marshes,  and  other  places  where  the  groimd  is  sat- 
urated to  the  surface,  the  water  table  and  the  siu*- 
f  ace  of  the  ground  coincide.  Where  the  water  table 
is  not  exposed  its  position  is  shown  by  the  surface 
of  the  water  in  wells.  The  position  of  the  water 
table  depends  also  on  the  character  of  the  drift. 
Except  in  very  low  places  it  is,  in  general,  nearer 
the  surface  in  areas  where  the  drift  consists  of  clay 
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or  compact  till,  and  farther  below 
the  surface  in  areas  where  the  drift 
is  gravel  and  sand,  becaiise  day  and 
tin  are  less  porous  than  gravel  and 
sand  and  do  not  drain  as  rapidly. 
The  accompanying  map  (PL  in, 
in    pocket)    shows    the    average 
depUi  to  the  water  table  at  the 
wdls  that  were  examined.    Where 
dense  rocks  appear  at  or  near  the 
surface  there  is  no  water  table;  the 
rock  masses  rise  above  the  ground 
water  like  islands  in  a  lake,  and 
the  position   of  the  water  table 
immediately  surrounding  them  is 
indeterminate.     Figure     3     illus- 
trates the  relative  position  of  the 
water  table  in  various  kinds  of 
drift    and    under  different  topo- 
graphic conditions. 

The  water  table  is  constantly 
changing  its  position  with  respect 
to  the  surface  of  the  ground, 
rising  rapidly  after  a  heavy  rain, 
then  gradually  descending  as  the 
water  is  drained  away.  These 
changes  may  be  observed  by  mak- 
ing successive  measurements  of 
the  depths  to  water  in  wells.  The 
zone  through  which  the  water  table 
fluctuates  is  called  in  this  report 
the  zone  of  fluctuation. 

In  elevated  positions  where  the 
drift  is  thin  the  water  table  may 
descend  during  a  period  of  drought 
until  it  touches  the  rock  surface 
and  is  all  drained  away;  but  in 
the  vicinity  of  perennisd  streams 
or  permanent  bodies  of  water  the 
change  may  not  exceed  a  few 
inches  during  a  year.  The  zone  of 
fluctuation,  ^eref  ore,  has  the  least 
thickness  in  the  valleys  and  the 
greatest  on  the  hills,  where  it  may 
include  the  entire  distance  from 
the  highest  water  level  to  the 
bedrock  surface. 
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AMOUNT  OP  WATER. 

A  rough  conception  of  the  an- 
nual supply  of  ground  water  may 
be  gained  by  analyzing  the  rela- 
tions between  precipitation  and 
stream  flow.  Measurements  of 
precipitation  show  the  total 
amount  of  water  which  falls  on  a 
drainage  basin,  but  only  a  part  of 
this  is  added  to  the  underground 
supply,  a  part  of  the  rest  being 
returned  to  the  atmosphere,  and 
another  part  discharged  by 
streams.  The  total  run-oflf  from 
a  drainage  basin,  as  determined 
by  stream  measurements,  in- 
cludes both  the  surface  drainage 
(that  is,  the  water  which  has 
never  formed  part  of  the  under- 
groimd  supply)  and  the  im- 
dergroimd  drainage — the  water 
which  has  passed  into  the  siuv 
face  streams  from  the  water- 
bearing beds. 

The  water  that  is  returned  to 
the  atmosphere  by  evaporation 
and  transpiration  is  in  part  sur- 
face water  and  in  part  ground 
water.  A  rough  index  of  its 
amount  is  obtained  by  subtracting 
the  total  annual  nm-off  from  the 
to  tal  annual  precipitation.  In  the 
Housatonic  River  basin  above 
Gaylordsville,  Conn,  (area,  1,020 
square  miles) ,  the  annualrainf  all  is 
47.86  inches  and  the  mean  annual 
run-off  is  29.43  inches.  The  differ- 
ence of  18.43  inches  is  attributed 
to  loss  by  evaporation  and  plant 
growth.  Similarly,  in  Connecticut 
River  basin  above  Orford,  N,  H. 
(area,  3,300  square  miles) ,  the  an- 
nual precipitation  is  36.76  inches 
and  the  annual  run-off  is  21.66 
inches,  the  loss  being  15.10  inches. 
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These  and  other  data  compiled  by  Mr.  Hoyt  ^  indicate  that  in  north- 
eastern United  States  between  30  and  40  per  cent  of  the  rainfall  is 
returned  to  the  atmosphere.     It  is  not  possible  to  determine,  from 
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the  data  at  hand,  what  part  of  this  is  derived  from  the  imdergroimd 
supply.  All  perennial  streams  he  below  the  water  table  and  are 
maintained  during  dry  seasons  by  infiltration  from  the  saturated  part 

^Boyt,  J.  C,  Conqwrisoii  between  rainfall  and  mn-off  in  northeastern  United  States:  Am.  Soo.  Civil 
Fof.  Trans.,  vol.  59,  p.  470, 1907. 
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of  the  drift.    During  a  rainy  season  and  for  some  time  thereafter  the 

streams  carry  more  or  less 
water  which  has  never 
formed  a  part  of  the 
ground-water  supply.  Dur- 
ing the  succeeding  dry  sea- 
son this  surface  water  is 
discharged  and  the  streams 
finally  reach  a  stage  at 
which  nearly  the  entire  run- 
off is  water  from  under- 
groimd  sources.  In  Con- 
necticut the  discharge  of 
imdergroimd  water  is  never 
less  than  the  amount  car- 
ried by  the  streams  at  their 
lowest  stages,  but  it  is 
probably  greater  immedi- 
ately after  rains,  owing  to 
the  contribution  from  inter- 
mittent springs  and  seepage 
areas  and  to  a  general  accel- 
eration of  underground  cir- 
culation by  hydro  static 
pressure.  In  addition  to 
the  amoimt  of  ground  wa- 
ter discharged  by  streams 
there  are  large  quantities 
stored  in  drift-fiUed  rock 
basins  below  the  valley 
floors,  as  for  example  in  the 
valley  of  Naugatuck  River 
near  Waterbury,  where  sat- 
urated deposits  consisting 
largely  of  gravel  and  sand 
extend  nearly  100  feet  be- 
low the  river  bed  (fig.  2). 
The  amount  of  water  in 
such  basins  depends  on  the 
size  of  the  basins  and  the 
porosity  of  the  valley  fiU. 
But  the  water  contained  in 
such  basins,  if  withdrawn, 
must  be  replenished  by  that 
usually  carried  in   the 

streams,  therefore,  strictly  speakhig^  these  supplies  are  not  available 
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in  additba  to  the  amounts  discharged  by  streams,  except  as  their 
withdrawal  would  decrease  the  amount  of  evaporation  and  transpira- 
tion. 

WATBB  m  0BY8TALLINB  BOOKS. 

The  area  described  in  this  report  is  underlain  by  crystalline  rocks 
whose  age  has  not  been  definitely  determined  (p.  9).  As  a  result 
of  the  work  of  dynamic  agencies  these  rocks  are  intensely  fractured, 
cncks  being  visible  wherever  the  rocks  are  exposed  (PL  II,  B).  All 
the  crystalline  rocks  have  a  very  low  porosity — ^lees  than  1  per  cent — 
iod  for  this  reason  the  circulation  of  water  in  them  is  practically 
resected  to  the  cracks.  Water  enters  the  openings  from  the  over- 
lying drift  and  passes  in  the  direction  of  least  resistance,  down  some 
doping  planes  and  up  others,  through  vertical  cracks  and  horizontally 
throng  level  ones  imtil  it  becomes  imprisoned  in  cracks  with  no 
outlets  or  until  it  reappears  at  the  surface  as  springs  or  seepage. 

In  general,  the  thickness  of  the  zone  of  active  circulation  is  nearly 
equal  to  the  relief  of  the  land  surface.  That  is,  openings  below  the 
level  of  tlie  valleys  are  generally  filled  with  water  that  is  not  in 
motion  until  wells  reach  these  depths  and  start  circulation  by  drawing 
water  to  the  surface.  In  some  places,  however,  these  more  deeply 
seated  waters  are  forced  by  hydrostatic  pressure  along  fault  planes 
or  major  joints  and  reach  the  surface  as  artesian  springs  or  artesian 
wdb.    (See  figs,  5,  6,  aiid  7.) 

The  amount  of  water  in  crystalline  rocks  depends  chiefly  on  the 
number  and  size  of  the  cracks.  Most  of  the  openings  are  too 
narrow,  even  at  the  siurface,  to  allow  any  considerable  quantity 
of  water  to  pass,  but  they  are  generally  connected,  either  directly 
or  indirectly,  with  larger  fissures  into  which  they  drain,  and  it  is  the 
ramifying  systems  of  minor  cracks  which  to  a  large  degree  regulate 
the  supplies  derived  from  rock  borings.  The  openings  in  these  rocks 
do  not  extend  to  great  depths  and  their  size  rapidly  diminishes  from 
^  surface  downward.  Nearly  all  the  cracks  pinch  out  entirely 
withm  a  few  himdred  feet  from  the  surface,  and  water-bearing 
fissures  at  greater  depths  are  rare.  As  compared  with  the  more 
porous  drift,  crystalline  rocks  contain  little  water,  the  average  yield 
d  wells  in  the  crystallines  of  Connecticut  being  about  15  gaJlons 
*  mmute.  Many  deep  rock  wells  in  the  State  are  practically  dry, 
but  a  number  of  others  obtain  water  from  joints  and  cracks  within 
100  feet  of  the  siurface. 

GROUND  WATER  FOR  MUNTCIPAIi  USB. 
P&OBLEMS  INVOLVED. 

The  problems  to  be  considered  in  planning  the  use  of  groimd  water 
for  a  new  or  enlarged  public  water  supply  relate  to  the  quantity  of 
wate  to  be  obtained,  the  quality  of  the  water,  the  methods  of  pro- 
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curing  it,  and  the  cost  of  establishing  and  maintaining  the  works. 
These  problems  are  largely  interdependent  and  their  relative  impor- 
tance depends  on  the  proposed  uses  of  the  water  and  the  conditions 
under  which  it  is  to  be  used. 

aXTANTITT  BEQX7IBED. 

In  towns  with  an  established  water  system  the  per  capita  consump- 
tion is  known  and  the  quantity  of  water  required  for  extending  the 
system  can  be  estimated  with  a  fair  d^ree  of  accuracy.  In  small 
towns  or  communities  in  which  a  public  supply  is  designed  to  replace 
private  wdls  an  estimate  of  the  quantity  of  water  required  should  be 
based  on  a  comparative  study  of  the  consiunption  in  towns  of  similar 
characteristics.  Plans  for  cities  or  for  smaller  commimities  involve 
a  consideration  of  futiu^  needs  based  on  the  probable  rate  of  increase 
in  popidation  and  the  circumstances  affecting  it  and  also  on  the  esti- 
mated rate  and  amoimt  of  development  of  industrial  enterprises. 
In  a  community  where  the  significance  of  past  conditions  and  present 
trends  of  popidation  and  industries  are  fairly  well  understood,  plans 
for  a  20-year  service  for  an  average  town  of  less  than  10,000  may  be 
based  on  the  present  population.  For  larger  cities  estimates  of 
futfire  needs  are  much  less  Ukely  to  be  reUable,  and  so  far  as  practi- 
cable future  requirements  should  be  provided  for  by  maintaining  a 
system  capable  of  extension  at  reasonable  cost  as  the  need  arises. 
The  data  available  for  the  larger  cities  of  Connecticut  are  sufl5cient 
to  serve  as  a  guide  in  planning  ten  years  in  advance  of  present  needs, 
on  the  basis  of  an  estimated  consumption  of  100  gallons  per  capita 
per  day. 

The  factors  whicn  determine  the  amount  of  water  required  are  as 
follows: 

1.  The  number  of  inhabitant. 

2.  The  nature  of  the  local  industries. 

3.  The  wealth  and  habits  of  the  people. 

4.  The  extent  to  which  water  is  used  in  fountains  and  in  lawn  and  street  sprinkling. 

5.  The  climate  as  affecting  the  use  and  waste  of  water  to  prevent  freezing. 

6.  The  prevention  of  leakage. 

7.  The  basis  of  revenue  (meter  or  flat  rate). 

8.  Quality )  quantity,  and  pressure,  as  tending  to  encourage  or  discourage  liberal 
use  and  great  wastefulness. 

9.  The  popularity  of  a  new  or  improved  supply. 

The  consumption  of  water  is  usually  stated  in  nimiber  of  gallons 
per  capita  per  day,  but  it  is  not  sufficient  to  take  into  account  only 
this  average  daily  rate  of  consumption,  for  the  demand  varies  during 
the  year  and  during  the  day,  and  the  supply  must  be  adequate  for 
temporary  heavy  draughts.  The  following  table  shows  the  average 
daily  consumption  in  Hartford,  Conn.,  for  each  month  during  1912 
and  during  the  period  from  1903  to  1912,  inclusive: 
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^1.     STRATIFIED  SAND  AND  GRAVEL,  NAUGATUCK  VALLEY,  SEYMOUR.  CONN. 


B.    CRYSTALLINE  ROCK  (HARTLAND  SCHIST)  SHOWING  FISSURES  WHICH  AT  GREATER  DEPTHS 
AFFORD  WATER  SUPPLIES.  NAUGATUCK,  CONN. 
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Average  daify  consumption  of  water  during  each  month  in  Hartford^  Conn.^ 


1913. 


Avcngo 
for  10  yean 
(19Q3-1912). 


1912. 


Avenge 
for  10  yews 
(190»rl912). 


Mmry.. 
Mucb..... 


Jbml.. 


Oallont. 

8,317,000 

8,730,000 

8,825,000 

8,445,000 

8,800,000 

9,128,000 


QaUont. 

6,717,000 

6,990,000 

6.806,000 

7,044,000 

7,380,000 

7,648,000 


July 

August 

September.. 

October 

November.. 
December.. 


OaUont. 

0,245,000 

8,694,000 

8,675,000 

8,674,000 

8,283,000 

8,142,000 


OaUom, 
7,642,000 
7,315,000 
7,411,000 
7,191,000 
6,978,000 
6,776,000 


■  Bovd  of  Water  Coffnmteriopers,  CHy  of  Hartford,  Conn.,  Fifty-ninth  Ann.  Rept.,  for  year  ending 
Uar.  1, 19U,  p.  190. 

The  foUoinring  table  illustrates  the  variation  in  the  rate  of  con- 
sumption during  the  day:  * 

Ctmrumption  from  the  Mystic  tupply  of  Boston^  Mats.,  August,  189S. 


Hours. 

Rate  of  con- 
sumption 
per  capita 
(gallons  per 

Percent 

of  total 

oofDsump* 

1  to  4  a.m. 

«4a8 
58.6 

108.8 
98.0 
9&2 
79.6 
61.9 
52.9 

t.9 

4to7a.m.              

9.9 

7te  10  a.m. 

17.6 

i^a.  m.  to  1  p.  n                 

1&8 

lto4p.m..^ 

1&8 

4to7p.m 

13.6 

7tolOp.  m 

las 

Ukp,  nLtolam                   

&9 

Averan          

73.6 

100.0 

•  "The  large  consumption  from  1  to  4  a.  m.  must  have  been  mostly  waste." 

To  meet  these  daily  peak  loads  and  to  insiire  against  such  emer- 
gencies as  might  arise  from  fire  or  disability  of  pumps  a  ground- 
water supply  system  shoidd  be  equipped  with  a  surface  reservoir  or 
elevated  tank  unless  the  capacity  of  the  pumps  and  wells  is  much 
greater  than  the  normal  consimiption. 

QUALITY  OF  WATEB. 

A  municipal  water  supply  should  be  suitable  in  quality  for  both 
domestic  and  industrial  uses.  To  meet  these  requirements  the 
installation  of  purifying  equipment  may  be  necessary,  whether  the 
supply  comes  from  surface  or  imderground  sources.  Surface  waters 
are  always  liable  to  pollution,  and  contamination  of  some  is  practi- 
cally inevitable.  The  mineral  content  and  hardness  of  most  surface 
waters  are  not  such  as  to  render  them  unfit  for  general  use,  but 
ground  waters,  especially  ground  waters  drawn  from  the  bedrocks, 
may  require  softening  or  at  least  the  removal  of  iron  before  the 
waters  are  usable.  Groimd  waters  are  less  Uable  to  pollution  than 
surface  waters,  but  they  are  more  strongly  mineralized  and  may  be 
mineralized  to  an  objectionable  degree. 

1  Tameaare,  F.  B.,  and  RusseU,  H.  L.,  Public  water  supplies,  p.  20, 1008. 
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MBTBOD8  OF  OBTAININO  WATEB. 

The  method  of  collecting  water  for  a  municipal  supply  depends 
on  the  natural  conditions  existing  in  the  locality  where  water  is 
needed.  The  possible  sources  to  be  considered  are  streams,  springs, 
deep  wells,  filtration  galleries,  and  shallow  weDs. 

The  extent  to  which  each  of  these  methods  is  employed  in  New 
Ekigland  is  shown  in  the  following  table: 

Sources  of  water  in  public  water  suppliei  in  New  England fi 


Nomber  of  pabUo  soppUes  derived  from— 

state. 

Surface 
water.* 

Surface 
water 
and 

springs. 

SurfBMse 

water 

and 

shallow 

wells. 

Springs 

Shallow 
wells. 

Shallow 
wells 
and 

qtrings. 

Gal- 
ler- 
ies. 

Shal- 
low 
wens 
and 

arte- 
aiaa 
welte. 

Total 

Dug. 

Drfvwu 

Maine 

New  Haznpshlre 

Vermont 

63 
87 
21 
67 
12 
48 

0 
0 
0 
8 
0 
0 

12 
17 
13 
23 
0 
8 

1 
1 
0 
20 
1 
0 

0 
2 
0 
14 
0 
0 

0 
0 
0 
3 
0 
0 

0 
0 
0 
6 
0 
0 

0 
0 
0 

4 
0 
0 

70 
61 
87 

Massachusetts 

rhode  Island 

ConnecUcut 

143 
13 
67 

238 

18 

3 

73 

23 

16 

8 

6 

4 

7 

801 

«  Compiled  from  Baker,  M.  N.,  Manual  of  American  waterworks,  1807. 

»  Surface  water  includes  supplies  from  streams,  lakes,  and  impoimding  leseryoln. 

•  STREAMS. 

Streams  generally  afford  the  simplest  means  of  obtaining  water. 
If  the  miniTmim  didly  discharge  of  the  available  stream  exceeds  the 
maximum  daily  consumption  by  an  amoimt  sufficient  to  provide  for 
fire  protection,  the  water  may  be  diverted  directly  into  the  street 
mains;  if,  however,  the  daily  discharge  as  determined  by  measure- 
ments extending  through  a  number  of  years  is  not  sufficient  to  meet 
the  daily  consumption  and  afford  fire  protection,  storage  must  be 
provided.  Since  large  streams  are  generally  utilized  in  the  disposal 
of  sewage,  it  is  the  custom  to  go  to  the  smaller  ones  for  water  sup- 
plies, hence  the  most  common  type  of  development  involves  the 
construction  of  reservoirs.  A  useful  rule  for  estimating  the  required 
storage  is  that  the  amount  stored  shall  be  about  the  same  percentage 
of  the  total  yearly  consumption  as  the  total  yearly  consumption  is 
of  the  total  yield  of  the  drainage  basin.* 

Practically  all  the  available  ground  water  of  the  drift,  except  that 
stored  in  the  deposits  below  Naugatuck  River,  and  a  considerable 
amoimt  from  crevices  in  the  bedrocks  retiims  to  the  surface  along 
the  stream  courses.    For  this  reason  the  most  effective  method  of 

t  International  Library  of  TeolmolQgy,  voL  86,  Water  snntly,  pp.  1, 822. 
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t^coTering  this  groixad  water  is  by  constructing  dams  in  the  streams 
tliat  carry  it.  Ground  water  is  thus  brought  to  the  surface  without 
Ptimping  and  if  a  reservoir  is  available  from  which  water  can  be 
Wered  by  gravity  the  cost  of  pumping  may  be  eliminated  entirely. 

SFBINOS. 

Springs  may  be  grouped  into  two  classes,  the  first  including  those 
which  serve  as  outlets  for  ground  waters  that  have  Reached  horizons 
farbdow  the  earth's  surface,  and  the  second  comprising  those  which 
derive  their  supply  from  groimd  waters  that  have  passed  to  shallow 
depths  only. 

So  far  as  known  all  the  springs  in  this  area  belong  to  the  second 
daas.  They  are  numerous  along  nearly  all  the  streams,  which  owe 
thfiir  persistence  through  dry  seasons  to  water  from  this  source. 
Most  springs  of  this  kind  are  small.  They  vary  in  yield  with  the 
amount  and  character  of  local  precipitation,  and  their  permanence 
depends  on  the  seasonal  distribution  of  rainfall,  the  areas  of  their 
individual  collecting  basins,  and  the  nature  of  the  soil  and  vegetation. 
Most  of  the  small,  so-called  surface-water  supplies  in  the  State  are 
supported  to  a  laige  extent  by  springs  of  this  type,  but,  because  of 
their  liability  to  fail  in  dry  seasons  and  their  average  low  yield  these 
springs  are  not  adapted  for  use  as  pubUc  supplies,  unless  they  occur 
doee  together  and  in  locaUties  where  the  surplus  yield  during  wet 
seasons  may  be  stored  for  use  in  droughts.  A  sufficient  number  of 
springs  in  a  favorable  locaUty  would  result  in  either  a  lake  or  a  stream. 
The  accumulated  waters  from  such  groups  of  springs  would  possess 
the  quaUties  of  surface-water  supplies  and  woidd  properly  be  classed 
with  them. 

Most  deep-seated  springs  are  independent  of  seasonal  changes  and 
are  free  from  surface  pollution.  They  may,  however,  contain  suffi- 
cient mineral  matter  to  render  them  imdesirable  for  a  municipal  sup- 
ply or  desirable  for  medicinal  use.    Springs  of  this  type  in  other  parts 

of  Connecticut  furnish  waters  of  high  purity  and  are  widely  exploited. 

Tlieir  commercial  value  as  bottled  waters,  as  well  as  their  moderate 

yields,  will  doubtless  continue  to  prevent  their  use  as  parts  of  pubUc 

water  systems. 

DBHXED   WELLS. 

The  often-expressed  idea  that  a  well  of  water,  or  even  a  flowing 
well,  may  be  obtained  anywhere  by  drilling  deep  enough  is  based 
on  an  erroneous  conception  of  the  occurrence  of  ground  water.  Some 
artesian  areas,  as,  for  example,  those  of  Texas  and  South  Dakota, 
are  underlain  by  extensive  beds  of  porous  water-bearing  rocks  capable 
of  furnishing  large  and  continuous  supplies.    In  such  districts  it  is 
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usually  possible,  after  a  few  wells  have  been  drilled,  to  predict  v^tli 
considerable  accuracy  the  depth  at  which  water  will  be  found  and  the 
quantity  that  will  be  obtained.  In  areas  underlain  by  such  materials 
as  those  forming  the  rock  floor  of  this  area,  however,  large  supplies 
are  seldom  obtained  by  drilling  into  the  bedrock.  Moreover,  tlie 
yields  of  new  wells  can  not  be  predicted  from  the  records  of  existing 
rock  wells  because  the  supplies  are  obtained  from  discontinuous  and 
irregular  fissm^es -which  vary  in  size,  distribution,  and  water  content. 

Wells  that  overflow  at  the  surface  are  not  common  in  Connecticiity 
but  in  some  places  flowing  water  has  been  obtained  both  by  drilling 
into  bedrock  and  by  driving  "points"  to  shallow  depths  in  the  drift. 
Where  flows  have  been  struck  the  head  is  generally  low  and  the  flo^w 
often  ceases  within  a  few  days  or  even  within  a  few  hours.  In  drilled 
wells  the  flow  is  due  to  conditions  illustrated  in  figures  5,  6,  and  7. 
If  a  sloping  rock  siurface  is  covered  by  an  impervious  stratimi  of  day 
or  till  such  a  stratum  may  confine  the  water  in  the  rock  crevices  and 
generate  hydrostatic  pressure  that  forces  the  water  to  the  surface 
when  a  well  penetrates  the  impervious  stratimi.  In  some  shallow  wells 
the  conditions  are  similar.  A  sloping  stratum  of  sand  or  gravel 
confined  between  beds  of  day  may  contain  water  under  sufficient 
pressure  to  afford  a  flowing  well  when  the  upper  impervious  layer  is 
penetrated  by  a  driven  point. 

C!onditions  favorable  for  producing  flowing  wells  are  seldom  en- 
countered, and  groimd  waters  must  therefore  generally  be  recovered 
by  pumping.  Moreover,  in  most  drilled  wells  the  water  does  not  rise 
to  a  level  within  the  suction  limit,  and  a  gang  of  drilled  wells  can 
therefore  generally  not  be  pimiped  by  means  of  a  suction  main,  and 
a  lift  pump  is  required  in  each  well  except  where  air  lifts  can  be  used 
to  advantage.  On  account  of  the  small  yields,  high  costs,  and  great 
uncertainty  in  regard  to  every  phase  of  the  development,  drilled 
wells  are  hardly  to  be  considered  for  supplying  large  municipalities. 
For  villages  in  which  the  consumption  does  not  exceed  50,000  gallons 
a  day  and  where  surface-water  supplies  are  not  easily  available 
satisfactory  supplies  may  be  obtained  by  drilling  one  or  more  welLs 
into  rock. 

DUG   WELIJ3. 

Dug  wells  draw  their  supplies  from  the  glacial  drift.  They  are 
best  adapted  to  areas  in  which  the  drift  is  not  very  porous  and  yields 
water  slowly,  whereas  driven  wells  are  best  adapted  for  areas  in 
valleys  in  which  deposits  of  porous  stratified  drift  supply  water  more 
freely.  The  yield  from  a  dug  weU  depends  on  the  porosity  of  the 
drift,  the  dimensions  of  the  well,  and  the  depth  of  the  well  below  the 
water  table.  To  obtain  permanent  supplies  these  wells  must  pass 
below  the  lowest  position  of  the  water  table.     Dug  wells  are  not 
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adapted  for  furnishing  public  supplies  imless  the  amount  of  water 
required  is  small^  and  even  then  such  a  supply  would  hardly  justify 
the  installation  of  the  necessary  pumps  and  pipe  lines  because  the 
cost  would  be  great  for  each  miit  of  water  derdoped. 

INFILTBATION  OALLEBIES. 

Underground  galleries  or  tunnels  are  usually  constructed  for  the 
purpose  of  filtering  stream  waters.  Under  favorable  conditions  they 
may  be  used  to  recover  ground  water,  but  in  general  wherever  the 
deposits  are  porous  enough  to  yield  much  water  to  infiltration  gal- 
leries, water  can  be  obtained  more  economically  and  satisfactorily  by 
means  of  driven  wells.  Infiltration  galleries  are  expensive  to  con- 
struct and  are  subject  to  decreases  in  efficiency  which  are  not  easily 
remedied.  It  is  probable  that  in  this  area,  driven  wells  will  be  found 
to  possess  a  number  of  advantages  over  infiltration  galleries.  (See 
p.  35.) 

DRIVEN   WELLS. 

The  Naugatuck  River  valley  contains  deposits  of  coarse  sediments 
which  are  capable  of  yielding  lai^e  quantities  of  water,  provided  the 
recharge  is  adequate.    The  valley  is  narrow,  however,  and  most  of 
the  coarse  deposits  rest  on  the  valley  walls  (PI.  HI),  where  they  are 
rapidly  drained  and  are  consequently  of  no  importance  as  a  source  of 
water  even  for  domestic  use.     Furthermore,  the  valley  is  constricted 
in  places  and  at  such  points  the  imderflow  is  interrupted.     In  some 
parts  of  the  valley,  however,  the  coarse  deposits  below  the  river  are 
sufficiently  broad  and  deep  to  afford  storage  of  large  quantities  of 
water.    Driven  wells  with  perforated  iron  casings  6  or  8  inches  in 
diameter,  as  described  on  page  33,  probably  afford  the  most  economi- 
cal method  of  obtaining  water  from  this  source.    A  project  involving 
the  use  of  driven  wells  differs  from  one  in  which  drilled  rock  wells  are 
to  be  used  in  that  reUable  information  regarding  the  quantity  and 
quality  of  water  available  can  be  obtained  at  moderate  cost.    The 
thickness  and  extent  of  the  water-bearing  formation  can  be  deter- 
mined by  rough  surveys,  and  pumping  tests  by  means  of  drive  points 
^  establish  the  feasibility  of  proceeding  with  the  project.    It  seems 
Jniprobable,  considering  the  availability  of  surface  water,  that  groimd 
water  could  be  economically  used  as  a  source  of  supply  by  a  city  as 
large  as  Waterbury,  but  it  is  certain  that  many  commimities,  such  as 
the  villages  of  Beacon  Falls,  Thomaston,  and  possibly  Seymour, 
requiring  moderate  amoimts  of  water,  could  obtain  supplies  of  this 
kind,  and  the  cities  of  Waterbury,  Ansonia,  and  Naugatuck  could 
obtwn  supplementary  supplies  in  this  manner  if  demand  should  arise. 
The  use  of  driven  weUs  is  illustrated  by  the  following  plants  at 
Brookliae,  Mass.,  Brooklyn,  N.  Y.,  and  Plainfield,  N.  J.: 
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Plant  cU  BrooJcline,  Mass. — ^The  following  description  of  the  munici- 
pal pumping  plant  at  Brookline,  Mass.,  was  given  by  Mr.  F.  F.  Forbes, 
the  'Superintendent :  * 

The  material  for  this  paper  was  gathered  from  work  which  was  done  under  my 
direction  in  Brookline,  two  and  four  years  ago,  to  increase  the  water  supply  of  this 
town. 

The  work  consisted  in  laying  a  suction  main  made  up  as  follows:  2,054  feet  ol 
24-inch  pipe,  2,093  feet  of  20-inch  pipe,  531  feet  of  16-inch  pipe,  1,427  feet  of  10-inch 
pipe,  and  155  feet  of  8-inch  pipe,  a  total  of  6,260  feet;  and  driving  201  2^inch  weDs, 
and  connecting  160  wells;  the  other  41  wells  were  failures. 

The  plant  was  designed  to  deliver  water  at  the  rate  of  5,000,000  gallons  i>er  day  for 
as  many  hours  each  day  as  might  be  necessary  to  supply  the  town.  A  alight  study 
of  such  a  plant  will  convince  one  that  it  is  very  important  that  the  pipes  and 
connections  should  be  air-tight,  and  so  put  together  that  they  will  remain  in  this 
state  even  if  some  small  settling  should  take  place  in  the  suction  main;  for  not  only 
does  it  cost  money  to  pump  air  'from  which  no  benefit  is  received,  but  its  presence 
in  the  conducting  pipes  lessens  the  amount  of  water  they  will  carry,  also  decreases 
the  quantity  which  can  be  taken  from  the  grotmd  by  partially  destroying  the  vacuum 
and  also  causes  the  pimips  to  perform  badly  unless  the  air  is  removed  before  it  reaches 
them. 

It  is  not  an  easy  matter  to  lay  a  long  line  of  pipe,  drive  and  connect  numerous 
wells,  and  leave  no  place  through  which  the  air  can  flow.  Not  only  must  the  mate- 
rial used  be  without  defects,  but  the  work  must  be  most  faithfully  done — the  latter 
being  by  far  the  most  difficult  part.  It  is  with  much  satisfaction  that  I  can  speak 
of  the  results  obtained  in  Brookline.  The  plant  has  now  been  in  use  nearly  two 
years  without  giving  the  least  trouble  from  air  leaks,  or,  in  fact,  from  any  other  causes. 

A  description  of  the  principal  details  of  construction  is  as  follows:  The  24-inch 
suction  main  is  connected  directly  to  the  pimips  without  an  air  separator  or  sand 
receiver.  The  top  of  this  main  is  laid  from  6  to  8  feet  below  the  surface  of  the  ground, 
and  about  5  feet  below  the  usual  level  of  Charles  River  during  the  summer  months. 
The  main  was  laid  at  this  depth  for  two  reasons:  First,  that  more  water  might  be 
drawn  from  the  ground,  and,  second,  that  the  main  might  be  in  the  most  favorable 
position,  not  to  be  affected  by  expansion  or  contraction  due  to  changes  of  tempera- 
ture. The  main  has  a  slight  pitch  from  the  pmnp,  the  farther  end  being  about  6 
inches  lower.  This  construction  is  necessary  to  allow  any  air  which  may  be  in  the 
pipes  to  flow  toward  the  station  and  not  pocket  at  any  point  on  the  line. 

This  suction  main  is  composed  of  ordinary  cast-iron  bell  and  spigot  pipes,  laid  in 
the  usual  way  with  lead  joints.  Extra  pains  were  taken,  however,  in  calking  these 
joints.  During  the  laying  of  the  main  and  the  connecting  of  the  wells,  it  was  neces- 
sary to  keep  a  6-inch  rotary  ptunp  running  day  and  night  to  free  the  trench  from 
water.  The  bottom  of  the  trench  was  a  rather  flue  sand,  and  the  pipe  was  supported 
on  a  blocking  reaching  to  a  timber  platform  placed  about  8  inches  below  the  bottom 
of  the  pipes  to  allow  room  to  calk  the  joints.  Short  cast-iron  Y  branches  of  special 
design  were  placed  in  the  main  for  each  well.  The  2i-inch  outlets  of  these  Y  branches 
were 'drilled  and  tapped  to  a  templet  at  the  foundry  before  being  tarred,  under  the 
watch  of  an  inspector. 

The  wells  were  connected  to  the  Y  branches  by  two  lead  connections,  2^  inches 
in  diameter  and  of  a  weight  of  11  pounds  per  foot.  A  gate  with  companion  flanget 
was  placed  between  these  lead  connections,  the  flanges  formirg  the  union  joint 
between  the  wells  and  suction  main.  The  soldering  nipples  used  with  the  lead 
connections  were  made  to  order  of  the  best  steam  metal.  They  were  delivered 
un tinned  in  order  that  any  defect  in  them  could  be  easily  found.    Special  care  wa» 

«  New  England  Waterworks  Association  Jour.,  vol.  11,  No.  3,  p.  195, 1897. 
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tiken  to  solder  these  nipples  to  the  lead  ccmnections.  A  wiped  joint  was  not  con- 
sidered to  be  always  air-tight  and  of  this  size  rather  difficult  to  mike,  and  we  finally 
decided  to  sweat  tiie  nipples  in,  as  this  process  is  sometimes  called.  The  necessary 
heat  was  obtained  from  cast-iron  plugs  heated  in  a  portable  forge  which  fitted  loosely 
into  the  nipples.  The  well  pipes  were  screwed  together  with  special  wrought-iron 
couplings  until  the  ends  butted,  and  special  cement  was  iised  on  the  threads.  The 
▼eUs  were  from  35  to  95  feet  deep.  Two  and  one-half  inch  tees  of  a  special  pattern 
w&e  placed  on  the  wells  at  a  proper  grade  to  allow  th^n  to  be  connected  by  means 
of  the  lead  connections  to  the  suction  main.  The  piping  of  the  wells  was  carried  to 
the  height  of  about  1  foot  above  the  sur&ce  of  the  ground  and  capped  with  a  special 
c^.  The  wells  have  open  ends,  no  strainers  of  any  kind  being  used.  In  the  bottom 
pieces  th^B  are  five  rows  of  holes  with  nine  holes  in  a  row,  spaced  2}  inches  apart 
from  centers,  and  bushed  with  j-inch  brass  pipe. 

As  before  stated,  we  have  had  no  air  leaks  so  far,  and  as  the  suction  pipe  is  laid 
with  lead  joints,  and  the  connection  between  this  pipe  and  the  wells  nuuie  with 
lead  pipe,  thus  making  the  whole  construction  flexible,  we  can  see  no  reason  why 
air  leaks  should  ever  occur. 

The  cost  of  construction  of  the  work  done  two  years  ago,  which  included  laying  all 
of  the  20,  16,  10,  and  8  inch  pipe,  and  drivicg  159  wells,  is  as  follows: 

Coft  of  driving  and  connecting  118  good  wells  and  driving  and  ptdUng  up  41  poor  wells. 

Cost  of  labor,  driving  wells 11,561.00 

Cost  of  labor,  connectirg  wells 210. 00 

Cost  of  labor,  pumping  out  wells 369. 00 

Cost  of  the  well  pipes,  not  including  bottom  pieces 572. 06 

Cost  of  the  bottom  pieces 196. 23 

Cost  of  preparing  bottom  pieces 118. 00 

Cost  of  the  gate  tops  for  wells 360. 37 

Cost  of  the  gates 660.80 

Cost  of  2i-inch  tees 94.40 

Cost  of  soldering  nipples 250.16 

Cost  of  solder 23.00 

Cost  of  f-inch  lope 5.31 

Cost  of  oil 6.25 

Cost  of  red  and  white  lead 23. 59 

Cost  of  lead  pipe 333.40 

Cost  of  making  lead  connection  in  the  shop. . . : 52. 50 

Cost  of  2i-inch  plugs 2. 29 

Cost  of  2^inch  coupling 155.40 

Cost  of  pulling  up  poor  wells 80. 00 

Cost  of  Akron  pipe  for  gate  boxes 306. 92 

Cutting  threads  on  pipe 206. 72 

Teaming 14.00 

Miscellaneous 51.26 

Total  cost  of  wdls 5,652.66 

Number  of  feet  of  good  wells  driven 5, 977 

Number  of  feet  of  poor  wells  driven 1,741 

Total 7,718 

Theaverage  depth  of  the  wells 50  feet. 

Average  number  of  feet  driven  per  day  with  gang  of  four  men .  50  feet. 

Cost  of  labor  driving  wells,  per  foot $0. 21 

Average  coat  of  each  good  well,  including  driving  and  con- 
necting and  expense  of  driving  and  pulling  the  poor  welb. .  |47. 90 
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Co9t  of  laying  the  suction  main. 

Cost  of  labor 110,428.32 

Cos  t  of  lumb  er 1, 118.  &5 

Cost  of  pipes 6,248.07 

Cost  of  gates 341. 16 

Cost  of  lead 615.09 

Cost  of  pumping,  the  engineer 468.  66 

Cost  of  pumping,  coal 174.  71 

Cost  of  unloading  pipes 39.  00 

Cost  of  inspecting  pipes 183.  00 

Cost  of  rubber  boots 210.00 

Cost  of  shovels 62.00 

Cost  of  carting  men  to  and  from  work 947.  30 

Cost  of  hauling  the  pipe  from  care 300.  00 

Cost  of  expressage 79. 30 

Cost  of  oil  for  engine 4.  80 

Cost  of  jute  packing 12.  74 

Miscellaneous 165. 43 

Total  cost  of  laying  pipe 21, 268. 03 

The  amounts  laid  are  as  follows: 

20-inch  pipe 2, 023  feet. 

16-inch  pipe *  661  feet. 

10-inch  pipe 1, 420  fee t . 

8-inch  pipe 166  feet. 

4, 149  feet. 

The  total  cost  of  laying  pipe $21, 268. 03 

The  total  cost  of  driving  and  connecting  wells 6, 662. 66 

Total  cost  of  system 26, 920. 69 

The  total  cost  of  laying  the  pipe,  driving  and  connecting 
wells,  per  foot  of  suction  main 6. 45 

Plant  ai  Brooklyn,  N.  Y. — ^The  borough  of  Brooklyn,  N.  Y., 
obtains  a  large  part  of  its  water  supply  from  driven  weUs  arranged 
in  gangs  at  several  places  on  Long  Island.  The  first  wells  constructed 
were  of  the  closed-end  type,  but  later  ones  are  of  the  open-end  type. 
The  weUs  are  arranged  in  two  rows,  one  on  each  side  of  the  suction 
main,  the  weUs  in  some  gangs  being  in  files  and  in  others  staggered. 
A  description  of  one  of  the  new  plants  is  as  follows: 

The  main  suctions  are  about  2,340  feet  long  with  a  fall  of  12  inches  from  center  to 
each  end.  The  62  wells  are  staggered  along  the  main  suction  pipe,  12  feet  from 
it  and  75  feet  ai>art  on  each  side.  Their  average  depth  is  45  feet,  a  stratum  of  fine 
sharp  sand  being  met  with  at  that  depth.  The  outside  casing  is  4}  inches,  with  a 
6-foot  strainer,  2-foot  sand  pocket,^  and  6-inch  point.  Suctions  are  3  inches  in  diam- 
eter and  28  feet  long.  Lateral  branches  are  3}  inches,  and  each  is  provided  with  a 
gate.  It  is  expected  to  get  6,000,000  gallons  from  this  station.  The  contract  price 
for  the  last  25,000,000  was  $167,250  for  sinking  and  connecting  wells,  the  yield  to  be 
determined  by  a  test  lasting  one  year  and  taken  as  the  lowest  average  for  five  consec- 
utive days.' 

1  A  sand  pocket  Is  a  large  drum  or  box  insorted  In  the  suction  pipe  to  catch  sand  that  is  drawn  up  with 
the  water.    It  is  provided  with  handholes  to  facilitate  cleaning. 
>  Tumeaure,  F.  £.,  and  RuBseU,  H.  L.,  PubUo  water  scqppliM,  p.  aOB,  1900. 
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Pkni  ai  PhinJUld,  N.  J. — ^The  following  is  a  description*  of  the 
driTen-well  system  at  Flainfield,  N.  J.: 

The  n^tm  itself  is  a  compsimtively  level  valley,  some  7  miles  long  and  from  three> 
fourths  to  2  miles  wide,  is  fairly  well  wooded,  and  slopes  gently  to  the  westward. 
It  'm  divided  by  a  email  stream  runniDg  to  the  southwest,  having  several  short  tribu- 
tvies;  together  they  furnish  excellent  sorfoce  drainage  for  the  city. 

The  soil  consists  mostly  of  sand,  clay,  and  gravel  strata,  rock  not  being  encountered, 
except  at  c(HiBiderable  depths. 

It  hiB  always  been  an  easy  mattor  to  procure  water  in  abundance  for  domestic  use 
by  driving  pipe  wells  from  ^  to  80  feet  deep  at  each  residence,  and  attaching  piun^ 
<firectly  thereto;  and  for  fire  supplies,  sinking  large  brick  curbs  some  15  or  20  feet 
into  the  gravel  gave  an  abundant  flow.  But  obviously,  with  the  increasing  popular 
tioQ  and  no  sewerage  system,  individual  wells  became  a  source  of  danger  to  health, 
y«t  for  nearly  20  years  no  definite  result  was  accomplished,  more  than  the  mere 
oipmaation  of  a  jnivate  water  company. 

In  1890  active  measures  were  taken  and  tests  and  examinations  made,  which 
finally  resulted  in  the  sinking  of  pipe  wells  on  a  plot  of  groimd  1}  miles  east  of  the 
center  of  the  city  in  a  soil  where  the  upper  clay  stratum  was  some  30  feet  or  more 
ia  thickness,  underiain  by  a  very  coarse  water-bearing  gravel.  This  spot  was 
■kcted  for  its  freedom  from  probable  contamination  on  ground  slightly  higher  than 
tkdty,  which  at  the  same  time  was  convenient. 

Sevml  test  wells  were  sunk  at  various  points  previous  to  the  observations  of  the 
vriter,  and  pumping  tests  made  with  a  low-lift  piunp  of  a  niunber  of  the  main  wells 
then  driven,  under  the  care  of  Mr.  Rudolph  Hering,  M.  Am.  Soc.  C.  E.  The  quan- 
tity of  water  obtained  from  10  wells  for  periods  of  eight  hours'  daily  consecutive 
pumping,  during  two  weeks  of  observation,  was  at  the  rate  of  from  2,000,000  to 
2,125,000  gallons  in  24  hours. 

An  inspection  of  Plate  III  [TV  in  the  present  report]  will  show  the  final  arrange- 
ment of  the  wells,  test  weUs,  pumping  plant  in  general,  and  details  of  the  well  tubes. 
The  construction  of  the  cast  heads  is  such  as  to  transform  each  water  tube  into 
practically  an  open  well,  giving  atmospheric  pressure  free  play  rather  than  forcing 
its  action  through  the  earth,  as  in  systems  where  but  a  single  tube  is  used.  The 
most  distant  well  is  500  feet  from  the  pumps  and  shows  in  an  interesting  manner  by 
the  vacuum  at  the  well  head  and  increased  vacuum  at  the  pump  the  effect  of  long 
■Ktion  and  friction  in  the  main. 

The  2-inch  pipe  test  wells  *  *  *  ,  were  observed  daily  by  the  writer,  while 
rendent  engines,  during  several  months.  They  each  had  a  simple  balanced  float 
p^  and  scale,  which  indicated  the  rise  and  fall  of  water  level.  They  were  all  very 
naattve  to  draft  on  the  main  wells  when  pumping  was  going  on,  though  the  nearest 
ns  aoo  feet  from  the  1  ine  of  wells. 

Comparison  of  these  observations  under  the  different  conditions  and  seasons 
ihoved,  among  other  things,  that  in  about  1,900  feet  the  undeiground  water  level 
f^  to  the  westward  about  3  feet,  or  at  about  the  same  rate  as  the  average  surface  of 
the  gnnmd.  This  evidenced  conclusively  that  the  flow  of  water  was  toward  the  city 
vith  a  head  sufficient  to  prevent  any  back  flow  of  contaminated  waters  from  the  city. 

In  stunmary,  the  plant  consists  of  20  wells  6  inches  in  diameter  from  35  to  50  feet 
m  depth  each,  ranged  in  a  double  row  on  a  strip  of  land  25  feet  wide  and  1,000  feet 
kng,  having  in  each  a  4f'inch  openrond  suction  tube,  connected  with  a  wrought-iron 
main  varying  from  8  to  12  inches  in  diameter.  This  main  is  in  two  sections,  each 
500  feet,  connecting  10  wells. 

Two  compound  surface-condensing  duplex  plunger  pumps,  Worthington  make, 

one  of  3,000,000  and  one  of  2,000,000  gallons  daily  capacity,  and  a  boiler  plant  of 

>  Trtbus,  L.  L..  Ana.  Soc.  Civil  Eng.  Trans.,  vol.  31,  No.  TOO,  pp.  371  et  seq.,  1894. 
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sufficient  power,  with  various  essential  small  machines,  are  housed  in  a  rough-fltone 
building,  slate  roofed. 

The  water,  drawn  as  before  stated,  direct  from  the  wells,  is  pumped  into  a  wrought- 
iron  standpipe  (situated  near  at  hand)  25  feet  in  diamet^  and  140  feet  high,  through 
a  20-inch  intericnr  tube  rising  5  feet  above  the  top.  Two  lower  openings  on  this  rising 
main,  with  valves  operated  from  the  outside  epml  staircafle,  afford  opportunity  for 
filling  the  standpipe  at  lesser  head  if  required 

The  object  of  this  interior  tube,  which  was  almost  unique  when  erected,  is  three- 
fold: 

First,  by  its  fountain  action,  enfcHrcing  complete  aemtion. 

Second,  complete  circulation. 

Third,  to  a£Ford  instant  fire  pressure,  no  matter  what  the  elevation  of  water  in  the 
main  tower.  This  is  accomplished  by  opening  a  by-pass,  not  otherwise  used,  con- 
necting the  rising  main  and  the  distribution  line,  the  city's  supply  being  drawn 
regularly  from  the  bottom  of  the  standpipe  with  pressure  due  to  level  of  water  in 
main  tower. 

From  the  standpipe  the  Plainfield  pipe  system  extends  to  the  west,  comprising 
some  30  miles  of  mains  from  6  to  16  inches  in  diameter,  having  fire  hydrants  spaced 
about  11  and  valves  6  per  mile.    ♦    ♦    ♦ 

After  the  tests  made  by  Mr.  Bering  and  the  partial  completion  of  the  works,  various 
other  tests  were  made  with  the  permanent  pumping  plant.  It  was  found  that  the  wellfi 
on  the  westerly  line  yielded  more  abundantly  than  the  easterly  ones,  under  equally 
good  conditions,  and  gave  a  lower  vacuum  for  the  same  quantity  pumped.    *    *    * 

The  tests  were  made  with  the  laige  pumps,  under  both  frea  discharge  and  full 
working  head,  singly  and  together,  and  drawing  from  the  wells  in  groups  of  6, 10, 15, 
and  20,  using  each  combination  of  5;  also,  by  cutting  off  one  by  one  until  the  smallest 
number  that  could  be  used  was  reached^  then  adding  one  by  one  in  reverse  order 
until  the  fall  series  were  again  in  use.  Five  wells  were  found  to  be  the  smallest 
number  possible  to  use  and  run  the  pumps  smoothly.  Wells  Nos.  6  to  10  gave  the  best 
results,  while  Nos.  16  to  20  furnished  but  little  water.  The  beet  results  -were  obtained 
for  a  full  flow  by  using  Nos.  1  to  15  inclusive.    *    ♦    » 

During  the  long-continued  dry  weather  of  1891  the  wat^  level  became  so  low  that 
difficulty  arose  with  the  extreme  suction  lift  obtained,  from  20  to  28  feet,  according 
to  rate  of  pumping,  a  fall  of  some  6  or  7  feet  since  the  earlier  observations,  so  that  in  the 
summer  of  1892  it  was  deemed  best  to  lower  the  pumps,  which  was  done  to  the  depth 
of  8  feet  1  inch  below  the  former  positions. 

For  the  sake  of  a  constant  observation  and  record,  a  3-inch  open  tube  was  driven 
from  the  engine  room  into  the  water-bearing  gravel,  and  a  permanent  float  gage  sus- 
pended in  it,  indicating  by  a  balanced  point  on  a  scale  of  feet  placed  conveniently 
in  the  room .  Although  some  80  feet  from  the  nearest  main  well,  therefore  not  showing 
the  lowest  level  of  the  water  at  the  wells  when  pumping,  it  does  show  the  relative 
water  level  under  the  same  conditions  and  the  daily  and  monthly  range.  When 
pumping,  the  average  lowering  of  the  gage  is  about  8  inches,  with  an  almost  immediate 
return  after  stopping  the  pump. 

RainfallB  need  to  be  exceptionally  heavy  to  make  any  marked  showing  in  the  water 
level,  and  not  much  then  inside  of  24  hours.  This  seems  to  indicate  that  the  water 
supply  comes  from  a  distance,  but  there  is  an  insufficiency  of  data  for  determining 
this  interesting  point. 

In  these  two  years  or  more  of  operation,  the  wells  have  furnished  daily,  wi^^hout 
difSculty  or  signs  of  falling  away,  the  full  demand  of  from  200,000  gallons  at  the  start 
to  1,700,000  gallons  at  the  present  time,  apparently  derived,  as  the  early  tests  indicated, 
from  the  western  15  of  the  20  wells  driven.  The  water  itself  has  been  of  uniformly 
excellent  quality,  both  for  domestic  and  manufacturing  purposes;  so  far,  therefore,  ft 
decided  success  as  an  underground  water  supply. 
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GROUND  WATERS  FOR  PRIVATE  USE. 

Most  of  the  private  wells  in  Connecticut  are  used  for  domestic 
supplies,  altlioi^  a  few  are  used  by  manufacturing  plants.  The 
{Hoblems  involved  in  obtaining  a  supply  of  good  water  from  private 
wells  have  seldom  been  seriously  considered.  Many  of  the  wells 
were  dug  before  present-day  ideas  of  sanitation  became  prevalent; 
they  were  constructed  in  the  best  manner  possible  xmder  the  circum- 
stancesy  and  for  a  long  time  they  have  been  regarded  as  admirable 
Tehcs  of  earlier  days;  and  there  is  a  disposition  to  copy  them  even 
at  the  expense  of  both  sanitary  and  economic  considerations. 

Sanitary  precautions  are  necessary  not  only  in  the  case  of  dug 
weDs  but  also  in  the  case  of  springs  and  drilled  weUs.  Springs 
are  especially  susceptible  to  pollution  because  the  water  is  obtained 
at  the  surface  and  almost  always  on  a  slope  where  surface  drainage 
can  readily  enter  the  pooL  Springs  should  be  equipped  with  a 
concrete  reservoir  and  kept  covered,  and  the  water  should  be  drawn 
from  a  delivery  pipe.  Such  an  equipment  is  not  necessarily  elaborate 
or  expensive.  It  is  important  only  to  provide  for  the  exclusion  of 
surface  drainage  and  the  prevention  of  contamination  either  by 
persons  or  animak  by  preventing  access  to  the  stored  water.  Drilled 
wells  properly  constructed  by  rdiable  drillers  exclude  surface  waters. 
If  Uie  well  casings  are  properly  set  and  the  pump  fittings  are  tight, 
such  wells  are  in  httle  danger  from  pollution. 

The  average  per  capita  consumption  of  water  from  private  weUs 
is  much  less  than  the  consumption  from  public  supplies,  largely 
owing  to  the  general  lack  of  convenience  in  well  equipment;  conse- 
quently the  amount  of  water  required  will  depend  on  the  equipment 
to  be  installed. .  For  example,  about  ten  times  as  much  water  will  be 
required  if  a  pneumatic  or  a  tower  system  is  to  be  installed  for  the 
purpose  of  fiunishing  running  water  in  the  house  and  bams  as  if 
the  equipment  were  to  consist  merely  of  a  hoisting  bucket  or  a 
sQuJl  hand  pmnp.  The  type  of  well  is  also  a  factor.  An  ordinary 
^  well  yielding  continuously  2  gallons  a  minute  might,  because  of 
its  storage  capacity,  meet  a  temporary  draught  of  50  or  100  gallons 
a  minute;  whereas  a  driven  well,  having  no  stored  supply,  could  not 
meet  a  draught  in  excess  of  its  maximmn  yield.  Therefore,  the  esti- 
mate of  the  quantity  required  should  be  based  not  only  on  the  total 
amount  of  water  used  in  a  day  but  also  on  the  greatest  rate  at  which 
it  is  to  be  pmnped  from  the  well. 

The  water  ddivered  by  springs  is,  in  general,  of  the  same  quality 
as  the  water  to  be  obtained  from  shallow  weUs  in  their  vicinity. 
Therefore  the  choice  between  opening  up  a  spring  and  sinking  a  well 
depends  on  the  relative  cost  and  the  resulting  convenience. 
Springs  so  situated  that  water  may  be  dehvered  to  buildings  by 
gravity  afford  very  desirable  supplies,  but  springs  situated  at  low 
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elevations  and  therefore  requiring  pumping  afford  no  more  economical 

supplies  than  dug  wells.' 

The  water  obtained  from  dug  wells  is  slightly  harder  than  surface 

water,  but  in  Connecticut  the  difference  is  ordinarily  not  appred- 

able,  well  i^aters,  so 
far  as  their  mineral 
quality  is  concerned, 
being  suitable  for  or- 
dinary domestic  use. 
Dug  wells  gener- 
ally afford  satisfac- 
tory domestic  sup- 
plies, but  they  should 
not  be  expected  to 
do  so  without  some 
attention.  Wells,  ^^ 
pecially  open  wells, 
that  have  not  been 
cleaned  for  25  years 
and  yet  remain  serv- 
iceable are  not  al- 
ways things  to  be 
proud  of,  a  fact  that 
is  generally  discov- 
ered when  the  welk 
are  cleaned. 

Where  the  uncon- 
solidated material 
consists  of  sand  or 
gravel,  driven  weDs 
are  likely  to  be  more 
convenient  than 
wells  of  other  types. 
Driven  wells  are 
especially  adapted 
to  use  in  gardens, 
pastures,  and  bam 
yards,  where  water 
is  required  for  stock 
and  plants  and  where 
dug  wells  would  be 
objectionable. 

The  water  from  driven  wells  is  of  the  same  mineral  quality  as 
that  from  dug  wells  in  the  same  vicinity  since  it  comes  from  the 
same  source,  and   it  is  to  some  extent   susceptible  to   pollution. 


s      a      £ 


»  Fuller,  li.  L.,  Undwground  wat«re  for  farm  um:  V.  8.  Oeol.  Survey  Wator-Supply  Papec  J55, 1910, 
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Therefore  the  surroimdmgs  of  driven  wells  should  be  kept  scrupu- 
lously clean. 

Drilled  wells  generally  yield  at  least  2  or  3  gallons  a  minute,  a 
quantity  adequate  for  most  households.  (See  fig.  8.)  The  water  is 
generally  suitable  for  domestic  uses,  although  in  Connecticut  it 
may  be  harder  than  the  water  of  shallow  wells. 

METHODS  OF  DEVEIjOPING  GROUND-WATER  SUPPLIES. 

DBUXED  WKI^B. 
CONSTRUCTION.* 

Two  general  methods  of  well  drilling  are  employed  in  obtaining 
water  supplies,  namely,  the  percussion  method  and  the  abrasion 
method.  In  CJonnecticut  the  percussion  method  is  most  commonly 
used.  It  consists  of  lifting  and  dropping,  by  means  of  suitable 
^paratus,  a  heavy  string  of  drill  tools  which  pimches  or  cuts  a 
hole  through  the  *  imconsolidated  materials  and  breaks  the  solid 
rock  into  fragments  small  enough  to  be  removed  from  the  hole. 
When  drilling  is  done  in  imconsolidated  material  iron  pipe  or  well 
casing  as  lai^e  in  diameter  as  the  hole  will  admit — usually  either 
6  or  8  inches — is  generally  driven  down  as  rapidly  as  the  drill  descends, 
each  added  length  of  casing  being  securely  screwed  to  the  preceding 
one  to  make  a  tight  joint.  If  the  well  penetrates  bedrock,  the 
casing  is  driven  a  few  feet  into  the  rock  to  prevent  infiltration  of 
surface  water.  If  the  well  ends  in  loose  materials  the  casing  extends 
to  the  bottom  of  the  hole  and  may  be  perforated  or  slit  at  the  lower 
end  to  admit  water  more  rapidly.  The  casing  is  allowed  to  extend 
several  inches  above  the  surface  of  the  groimd  to  prevent  inflow  of 
surface  water,  and  a  flange  is  fitted  to  the  top,  to  which  a  pump  is 
attached. 

In  drilling  by  the  abrasion  method  hollow  drill  tools  armed  with 
^me  harder  materials,  such  as  diamonds  or  chilled  shot,  are  rotated 
on  the  rock  in  such  a  way  that  a  cylindrical  core  is  cut  out  and 
brought  to  the  surface  in  short  pieces.  The  wells  simk  by  this  method 
are  finished  in  the  same  way  as  those  made  by  percussion  drilling. 

Drillers  differ  in  opinion  as  to  the  relative  efficiency  of  these  two 
methods,  the  points  of  contention  being  that  the  abrasion  method  is 
more  expensive  and  that  the  rotation  of  the  drill  tools  tends  to  seal 
up  the  smaller  veins,  thereby  affording  a  comparatively  lower  yield 
than  is  obtained  by  percussion  drilling.  Data  bearing  conclusively  on 
these  questions  are  lacking,  but  the  fact  remains  that  both  methods 
w^  used,  the  percussion  method  to  a  much  larger  extent,  and  that 
good  results  are  obtained  by  each. 

1  Bowmiii,  laaiah,  WaD-drffling  methods:  U.  B.  OeoL  Survey  Water-Supply  Paper  267, 19U. 
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COST. 

Owing  to  the  competition  among  well  drillers  there  is  no  uniform 
scale  of  prices  for  drilling  wells.  The  xninimum  prices  charged  range 
from  about  $1  to  $4  per  foot,  including  the  casing.  Usually  the 
Tninimiim  price  is  charged  for  the  first  100  feet  and  an  additional 
charge  of  about  $1  per  foot  is  made  for  each  succeeding  100  feet  or 
fraction  thereof.  Other  factors  which  afifect  the  prices  are  the 
character  of  the  bedrocks  and  depth  of  the  imconsoUdated  materials; 
the  accessibility  of  fuel  and  water  for  the  engines  and  the  distance 
from  the  well  to  suitable  lodging  places  for  the  drillers. 

No  reliable  driller  will  agree  to  obtain  a  water  supply  within  a 
given  depth  in  the  bedrocks  of  the  Waterbury  area.  A  driller 
may  offer  to  obtain  a  certain  amoimt  of  water  for  a  stated  sum 
of  money,  but  as  he  can  not  predict  the  depth  or  the  location  of 
a  successful  rock  well  such  an  arrangement  amoimts  to  little  more 
than  a  game  of  chance,  in  which  the  advantage  is  necessarily  largely 
on  the  side  of  the  driller. 

QUALFTY  OF   WATER. 

Drilled  wells  are  usually  protected  against  contamination  by 
their  manner  of  construction  and  this  is  one  of  their  chief  advantages. 
The  principal  disadvantages  of  drilled  rock  wells  lies  in  the  fact  that 
neither  the  quantity  nor  the  mineral  quality  of  the  water  can  be 
definitely  ascertaincNd  before  drilling  and  consequently  an  expensive 
well  may  be  drilled  without  obtaining  a  suitable  supply. 

The  water  from  drilled  wells  that  end  in  the  drift  at  depths  of  75 
or  100  feet  is  just  as  likely  to  be  free  from  pollution  as  that  from 
wells  that  end  in  rock,  and  it  is  less  likely  to  contain  imdesirable 
amounts  of  mineral  matter.  Moreover,  drilled  wells  that  end  in 
the  rock  are  not  invariably  free  from  pollution,  especially  where  the 
rock  outcrops  or  lies  a  short  distance  below  the  surface,  owing  to 
the  possibility  of  the  passage  of  infected  matter  through  open  rock 
fissures  to  the  well.  Many  rock  wells  situated  near  the  coast  are 
contaminated  by  salt  because  some  of  the  fissures  intersected  by  the 
well  come  to  the  surface  below  tidewater.  The  contamination  in 
such  weUs  is  easily  detected,  but  it  is  not  so  easily  detected  if  fissures 
contributing  to  the  water  supply  come  to  the  surface  in  barnyards 
or  in  the  beds  of  polluted  rivers.  It  is  not  necessarily  a  fortunate 
thing  if  a  well  strikes  a  vein  that  yields  water  giving  an  "odor  of 
sulphur"  because  odors  not  easily  distmguishable  from  "sulphur^' 
may  be  due  to  pollution.  The  origin  of  any  odors,  colors,  or  tastes 
should  be  determined  before  a  water  is  used.  Even  deep  drilled 
wells  may  be  contaminated  in  a  thickly  populated  commimity  unless 
the  protective  cover  of  clay  is  thick  and  the  casing  is  water-tight 
and  fits  tightly  into  the  drill  hole. 
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XMPROVEMENTS. 

Drilled  weUs  which  end  in  the  drift  do  not  differ  essentially  from 
drivrai  wells,  and  they  should  be  finished  in  the  same  manner.  The 
casing  should  be  perforated  or  sht  at  the  principal  water-bearing  hori- 
zons and  for  some  distance  above  the  lower  end.  This  will  generally 
increase  the  yield  materially. 

Some  wells  that  produce  water  of  an  undesirable  mineral  character 
may  be  improved  by  casing  oflf  the  mineral  water  and  drawing  from  a 
different  horizon.  This  method  is  not  likely  to  be  generally  successful 
in  Connecticut,  however,  because  the  quality  of  the  groundwater 
does  not  differ  very  much  from  one  local  horizon  to  another. 

If  the  jrield  of  a  well  is  reduced  by  pumping  from  other  wells  in  the 
vicinity  the  pump  cylinder  should  be  lowered,  and  if  this  does  not 
recover  the  yield,  deepening  the  well  may  do  so ;  but  there  is  likely  to 
be  more  or  less  permanent  interference  when  a  number  of  wells  are 
drifled  close  together.  A  method  of  increasmg  yields  of  drilled  wells 
wliich  has  not  been  \ised  sufficiently  to  warrant  its  recommendation 
for  general  use  consists  of  exploding  a  charge  of  nitroglycerine  or 
dynamite  at  the  bottom  of  the  well,  the  object  being  to  develop  radiat- 
ing fissures  that  may  tap  otherwise  unavailable  water  veins.  This 
method  is  used  extensively  in  improving  oil  wells,  and  there  appears 
to  be  no  reason  why,  under  favorable  conditions,  it  should  not  be 
equally  beneficial  in  water  wells.  In  many  cases  it  would  be  advis- 
able to  try  this  remedy  before  abandoning  dry  holes  ending  in  rock. 
It  is  not  recommended  for  wells  ending  in  drift. 

DRIVEN  WELLS. 

Two  general  types  of  wells  are  classed  as  driven  wells,  namely,  the 
closed-end  well  and  the  open-end  well.  A  closed-end  well  is  con- 
structed by  driving  into  the  ground  with  a  sledge  or  drop  hammer  a 
*  drive  point*'  and  strainer  screwed  to  a  piece  of  pipe.  Other  lengths 
of  pipe  are  added  and  the  driving  is  continued  uintil  the  strainer  pene- 
trates the  groundwater  horizon  (fig.  9).  The  diameter  of  the  pipe 
^d  strainer  may  be  1  inch  to  4  inches  and  the  length  of  the  strainer 
is  usually  between  li  and  4  feet. 

TTie  open-end  well  is  constructed  by  driving  a  casting  into  the 
gn«ind  and  at  the  same  time  removing  the  material  from  the  interior 
^  means  of  a  sand  bucket  or  sand  pump  or  a  jet  of  water.  If  the 
fonnation  is  rather  hard,  it  may  be  necessary  to  remove  the  material 
in  advance  of  the  casing  by  means  of  a  heavy  sand  pmnp  or  combi- 
DAtion  jet  and  drill,  or  ordinary  drilling  may  have  to  be  done.  A 
sWmer  may  be  attached  previous  to  driving,  or  it  may  be  adjusted 
after  the  casing  is  down  by  lowering  it  on  the  inside.  Where  the 
water-bearing  deposits  include  coarse  material  and  large  quantities  of 


Digitized  by  VjOOQIC 


34 


OBOUND  WATER  IN   WATERBURY  AREA,  CONN. 


<^ 


C  ^  \  vn'^^  ^ 


PiouBB  0.— Diagram  of  driven 

weU. 


water  are  desired,  as  for  munii 
dustrial  supplies,  the  most  satii 
suits  will  be  obtained  by  not  ua 

the  ordinary  strainers,  but  by  _^ 

the  casings  where  water  is  to  b 
with  numerous  circular  holes  at 
fourth  inch  in  diameter  or  sUts  al| 
fourth  inch  wide.  These  perfoxj 
be  cut  or  drilled  before  the  cat 
serted,  or  they  can  be  made  by  | 
tools  after  the  casing  is  in  place.^ 

After  the  casing  is  in  place  and  tl| 
tions  have  been  made  the  well  % 
thoroughly  cleaned  out,  in  order  I 
the  fine  sediments  and  give  the  li 
access  to  the  well.  This  can  best  b| 
first  using  a  sand  bucket  or  sand  pp 
then  applying  an  air  lift.     If  an  air  \ 

available,  rapid  pumping  with  a  c€| 

or  other  pump  can  be  substituted, 
wells  can  often  be  developed  by  p| 
large  quantities  of  sand  and  silt  ar- 


leaving  a  thick  layer  of  dean  gravel'      • 

the  intake  of  the  well.     Wells  of  tlj      ' 
are  better  adapted  for  harder  groui 
larger  diameters  than  the  closed-eib 
The  use  of  drive  points  is  restricted  ti 
in  which  water  can  be  obtained  in  rait 
gravel  or  sand  at  moderate  depths,  bu^ 
end  wells  may  bo  used  in  almost  aQ 
consolidated  deposits  and  they  may  bfl 
to  depths  of  several  himdred  feet, 
probable  that  in  Connecticut  either  — j — 
points  or  the  usual  drilled  wells  ending  iT"  15 
drift  and  having  the  casings  perforateik^:::^:-- 
be  found  satisfactory. 

Driven  wells  are  used  both  in  don»Z____ 
and  in  mimicipal  suppUes.    For  donii 
purposes  it  is  seldom  that  more  than 

well  is  required  to  furnish  the  desired  amo^ 

of  water,  but  for  pubUc  supplies  for  U^. 
towns  these  wells  are  commonly  driven 
gangs,  arranged  in  one  or  two  rows  ah) 
a  suction  main  to  which  each  well  is  cc 

1  Bowman,  Isaiah,  WeU-drflling  methods:  U.  S.  Oeol.  Sun 
Water-Supply  Paper  267,  pp.  67-40, 1011. 
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nected  by  a  lateral  branch  (PL  TV).  The  most  economical  system  is 
one  in- which  the  suction  main  can  be  laid  on  the  surface  of  the  gromid, 
but  in  some  systems,  either  for  the  purpose  of  obtaining  the  maximum 
yield  or  because  the  water  stands  below  the  suction  limit  from  the 
surface,  it  is  necessary  or  desirable  to  lay  the  suction  main  in  a  trench. 
It  is  not  possible  to  give  figures  in  regard  to  the  requisite  number 
of  wells  and  their  size  and  spacing  that  would  be  everywhere  appli- 
cable, owing  to  the  diverse  conditions  under  which  such  plants  are 
used;  but  in  general  it  is  advisable  to  place  the  line  of  wells  at  right 
angles  to  the  direction  of  underflow,  and  the  distance  between  the 
wells  should  be  between  15  and  100  feet,  depending  on  the  size  of  the 
wells.  The  number  and  size  of  wells  to  be  used  will  be  determined  by 
the  amount  of  water  required,  the  size  and  character  of  the  water- 
bearing formation,  and  by  the  results  of  pumping  tests  to  determine 
the  permeability  of  the  formation. 

One  of  the  principal  difficulties  encoimtered  in  the  operation  of 
driven  wells  is  clogging.  Infiltration  of  fine  sand  or  incrusting  of  the 
strainer  may  reduce  the  yield  of  a  well  materially,  and  it  is  necessary, 
di^efore,  to  keep  the  tube  dean.  It  is  usually  advisable  to  subject 
a  newly  driven  well  to  heavy  pumping  for  the  purpose  of  drawing 
out  the  fine  material  adjacent  to  the  strainer.  Coarse  material  will 
be  left  in  its  place,  forming  a  natural  screen,  which  will  minimize 
the  tendency  to  clogging,  and  the  yield  of  the  well  will  be  increased 
by  the  consequent  increase  in  the  porosity  of  the  material  surrounding 
the  screen.^  When  clogging  is  due  to  sand  only  it  is  usually  possible 
to  remove  the  obstruction  by  forcing  water  into  the  wells  under  high 
pressure  or  by  means  of  a  steam  jet,  but  when  the  sand  is  cemented 
it  is  necessary  to  withdraw  the  strainers  to  be  cleaned  or  replaced  by 
new  ones. 

The  hability  to  pollution  of  supplies  from  driven  wells  depends  on 
the  depth  from  which  the  wells  draw,  the  effectiveness  of  overlying 
clay  beds  in  shutting  out  pollution,  the  amount  of  water  that  is 
drawn,  and  other  conditions.  Though  the  danger  of  pollution  is 
less  than  in  open  dug  weUs  care  should  nevertheless  be  exercised  in 
the  selection  of  sites  and  in  protecting  the  surroundings  against 
contamination.  Where  large  suppUes  are  developed,  such  as  are 
required  for  large  municipalities,  there  is  danger  of  drawing  polluted 
water  from  near-by  streams  though  smaller  supplies  drawn  from  the 
same  wells  might  not  be  in  danger  of  pollution. 

INFILTBATION  QALLEBTKS. 

Infiltration  galleries  are  trenches  or  tuimels,  with  sides  and  roofs 
constructed  usually  of  masonry  or  concrete  and  the  floors  made  to 
^Ami  water.    Galleries  may  be  built  in  the  banks  or  beds  of  streams 

*  Heinter,  0.  E.,  Geology  and  underground  waters  of  southern  Minnesota:  U.  S.  Oeol.  Survey  W  iter- 
Hl*y  Paper  2»,  p.  86, 19U. 
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for  the  purpose  of  intercepting  the  underground  drainage  as  it 
approaches  ike  streams.  The  deposits  in  filled  valleys  are  saturated 
below  the  level  of  permanent  streams,  and  galleries  located  in  such 
deposits  offer  practicable  means  of  obtaining  water  supplies.  The 
bottom  of  a  gallery  may  profitably  be  made  lower  than  the  bed  of  tiie 
stream  to  insure  tiie  maximum  infiltration.  Water  from  the  stream 
itself  does  not  enter  the  gallery  unless  the  draught  on  the  gallery 
exceeds  the  infiltration  from  the  landward  side.  A  gallery  is  a 
modified  form  of  dug  well,  from  which  it  differs  essentially  only  in 
capacity  and  the  same  sanitary  rules  apply  to  both. 

DTia  WELLS. 

The  most  common  type  of  well  is  a  dug  hole,  2  J  to  4  feet  in  diameter 
and  deep  enough  to  procure  a  suitable  supply  of  water.  The  hole  is 
then  walled  up  from  the  bottom  to  the  siurface  of  the  ground  with 
loose  irregular  stones  and  bowlders  picked  up  in  the  vicinity  of  the 
well.  Brick  laid  in  mortar  and  glazed  tile  have  been  used  to  a  smaU 
extent  for  walls,  but  these  materials,  although  much  more  desirable 
for  the  purpose,  are  more  expensive  than  the  stone  commonly  used. 
The  top  of  the  well  is  commonly  finished  by  fitting  a  square  curbing 
of  boards  over  the  hole  and  adding  a  wheel  or  windlass  for  hoisting  a 
bucket.  Better  equipments,  ranging  from  scretoed  well  sheds  to 
concrete  seals  with  good  pumps,  are  found  in  many  wells.  Wells 
of  this  type  generally  end  in  the  drift,  but  in  areas  where  the  drift 
is  thin  they  may  end  at  the  rock  surface  or  penetrate  the  rock  a  few 
feet,  in  which  case  the  rock  is  removed  by  blasting.  The  principal 
advantages  of  the  wells  of  this  type  are  the  ease  with  which  they  may 
be  cleaned  and  refitted  with  pumps,  and  the  large  storage  capacity; 
the  chief  disadvantages  are  their  liability  to  pollution  and  their 
response  to  changes  in  the  weather. 

The  following  extract  *  regarding  the  essentials  of  a  good  well  is  an 
excellent  sununary  of  the  proper  sanitary  construction  of  dug  wells: 

The  location  of  the  well  is  of  the  greatest  importance.  It  should  be  as  far  as  possible 
from  the  house,  bam,  and  privy.  If  possible,  the  siuiace  of  the  ground  about  the  well 
should  be  a  little  higher  than  the  surrounding  soil  so  that  any  surface  washings  may  be 
carried  away  from  the  top  of  the  well.  The  groimd  about  the  top  should  be  well 
sodded  in  grass.  This  not  only  adds  to  the  attraictiveness  of  the  well  but  it  takes 
care  of  a  great  deal  of  water  that  would  otherwise  have  to  stand  in  pools  about  the 
well .  If  the  stock  have  to  be  watered  from  the  well,  there  should  be  a  pipe  leading  to  a 
Htock  trough  not  less  than  20  feet  away,  so  that  the  stock  need  not  coiae  up  to  the 
well  itself, 

A  well,  to  be  safe,  should  be  not  less  than  20  feet  deep.  That  is  to  say,  20  feet  from 
the  surface  of  the  ground  to  the  top  of  the  water.  It  shoiild  go  well  through  the 
surfcice  hoil,  preferably  through  a  layer  of  clay.  The  lining  should  be  of  brick  or 
stone  laid  in  cement.    Any  lining  that  allows  water  to  seep  through  it  above  the 

1  Virgiiiia  Health  Bulletin,  vol.  1,  p.  113,  September,  1908. 
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eoAce  of  the  water  may  lead  to  pollution.  The  space  between  the  casing  and  the 
sommnding  soil  should  be  filled  with  sand  or  earth. 

The  top  of  the  well  should  be  raised  from  the  ground  about  a  foot  and  set  in  cement 
or  masonry  coping  that  goes  at  least  3  feet  below  the  surface  of  the  ground.  Over  the 
tcp  should  be  laid  a  solid,  double  tongue-and-groove  flooring  that  is  absolutely  water- 
piDof .  This  is  essential .  Most  wells  are  polluted  by  material  that  falls  in  or  is  washed 
in  from  the  top,  and  not  by  seepage  through  the  soil. 

On  the  well  top  there  should  be  a  good  pump,  carefully  set  so  as  to  exclude  leakage 
from  around  its  base.  If  the  pump  can  not  be  used  there  should  be  an  automatic 
tipping  bucket.  The  well  bucket  should  not  be  handled  with  the  hands.  Many 
w^  have  been  infected  by  handling  the  bucket  with  soiled  hands  and  then  letting 
it  back  into  the  well,  the  filth  being  then  washed  o£f  into  the  water. 

Below  the  spout  there  should  be  a  trough  with  a  pipe  leading  some  distance  away 
80  that  the  waste  water  may  be  carried  away  from  the  well. 

A  weU  constructed  in  the  manner  described  above  will  almost  always  furnish  water 
that  ia  perfectly  safe,  and  the  saving  of  sickness  and  trouble  will  many  times  overpay 
for  the  expense  and  care  involved. 

For  convenience  in  discussion,  dug  weUs  may  be  divided,  according 
to  their  relation  to  bedrock,  into  groups  to  include,  first,  wells  that 
penetrate  bedrock;  second,  wells  that  just  reach  rock;  and  third, 
those  that  end  in  drift. 

Wells  that  penetrate  bedrock  are  sunk  in  localities  in  which  the 
drift  is  thin.  The  thickness  of  the  water  bed  in  the  vicinity  of  such 
weUs  may  be  less  than  the  normal  fluctuation  of  the  water  table,  and 
consequently  in  times  of  drought  there  may  be  no  available  water  ^l 
the  drift.  But  the  rock  basins  generally  act  as  reservoirs  for  the 
storage  of  water  which  has  seeped  in  from  the  drift,  and  these  wells 
therefore  usually  carry  small  supplies  through  dry  seasons.  In 
cleaning  rock  wells,  and  sometimes  in  digging  them  actual  veins  of 
water  are  encountered,  and  this  has  led  to  the  belief  that  the  well 
supply  is  derived  from  some  deep  sources  in  the  bedrocks.  While 
such  a  condition  is  possible,  most  of  these  "  v^ns"  are  shallow,  water- 
filled  cracks,  developed  naturally  in  the  rock  or  produced  by  blasting. 
These  cracks,  radiating  from  the  well,  tap  all  along  their  courses  the 
saturated  zone  of  the  overlying  drift,  and  thus  make  it  possible  for 
the  well  to  drain  a  much  larger  area  than  it  otherwise  could. 

Wells  that  extend  to  the  surface  of  the  bedrock  are  usually  f oimd 
m  areas  of  thicker  drift  than  are  those  which  penetrate  the  rock, 
like  the  rock  wells  they  pass  entirely  through  the  saturated  part  of 
the  drift  but  they  do  not  contain  a  stored  supply  and  therefore  fail  if 
the  water  table  sinks  to  the  rock  surface.  Consequently  in  localities 
where  both  types  are  f oimd  the  supplies  of  the  rock  wdls  last  longer 
in  times  of  drought,  although  the  others,  drawing  from  a  greater  aver- 
age thickness  of  saturated  deposits,  have  a  greater  average  yield. 

Most  of  the  wells  that  do  not  reach  rock  are  foimd  in  areas  of  deep 
drift.  These  weUs  are  sunk  below  the  water  level  to  a  depth  which 
at  the  time  of  digging  is  considered  suflScient  to  supply  the  required 
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amount  of  water. 
Most  of  the  wells 
whicli  fail  are  of 
this  kind,  the  fail- 
ure being  usuaDy 
due  to  some  one  of 
of  the  foDowing 
causes: 

(a)  The  well  may  be 
too  shallow.  To  be  re- 
liable it  should  be  sank 
at  least  several  feet  be- 
low the  lowest  water 
level.  This  can  be 
most  easily  accom- 
plished during  dry  sea- 
sons. 

(b)  The  well,  origi- 
nally deep  enough,  may 
become  "filled  in  "  with 
sand  and  mud  carried 
by  inflowing  water.  In 
this  manner  the  bot- 
tom of  the  well  may 
be  raised  in  wet  sea- 
sons, when  the  water 
table  stands  high,  to  a 
level  below  which  the 
water  table  sinks  in  dry 
seasons. 

(c)  There  may  be  a 
permanent  lowering  of 
the  water  table  so  that 
the  bottom  of  the  well 
lies  within  the  zone  of 
fluctuation.  This  may 
result  from  tiling,  from 
a  heavy  draught  on 
wells,  or  from  lowering 
surface  drainage  either 
by  removing  dams  or 
by  deepening  the  chan- 
nels of  neighboring 
streams. 

WeUs  that  end 
in  the  sand  or 
loose  till  should  be 
cleaned  about  once 
a  year.  Wells  that 
end  in  the  rock 
may  require  atten- 
tion less  often.    In 
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any  case  cleaning  should  be  the  first  remedy  employed  to  restore 
the  yield  of  a  well.  If  this  is  not  effective  then  the  well  should 
be  deepened;  and  if  this  is  done  when  the  water  is  lowest  it  will  be 
easy  to  judge  the  necessary  depth. 

Wdls  may  be  deepened  without  disturbing  the  old  wall  by  sinking 
IS-inch  or  24-inch  tiling  from  the  original  bottom  to  the  required 
deptii.  A  method  sometimes  employed  where  the  well  ends  in  sand 
consists  in  driving  a  ''point''  (p.  34)  into  the  bottom  of  the  well  to 
the  necessary  depth.  If  the  strainer  is  more  than  25  feet  below  the 
surface  of  the  ground — that  is,  below  the  suction  limit — the  pimip 
cylinder  may  be  attached  at  some  point  between  the  surface  of  the 
ground  and  the  bottom  of  the  dug  well.  In  some  cases,  especially 
those  in  which  the  well  ends  in  rock,  the  most  feasible  way  to  obtain 
a  suitable  supply  is  by  drilling  from  the  bottom  of  the  old  well.  This 
amounts  practically  to  constructing  a  new  well  except  that  the  cost 
of  drilling  to  the  depth  of  the  old  well  is  saved. 

An  adaptation  of  the  dug  weU  which  is  popular  in  some  parts  of 
Connecticut  is  illustrated  in  figure  10.  This  "consists  in  placing  a  well 
on  a  hillside  above  the  house  and  bams  so  that  water  may  be  deUvered 
to  die  buildings  by  gravity  and  under  pressure.  This  is  an  excellent 
device  wherever  it  can  be  used. 

DESCRIPTIONS  OF  TOWNS, 

ANSONIA. 
POPULATION   AND   INDUSTRIES. 

Ansonia  is  in  the  western  part  of  New  Haven  County  near  the 
mouth  of  Naugatuck  River.  It  is  reached  by  the  Berkshire  and 
Xaugatuck  divisions  of  the  New  York,  New  Haven  &  Hartford  Rail- 
road and  by  the  Derby  division  of  the  Connecticut  Co.'s  Electric 
Railway.  Ansonia  was  separated  from  Derby  and  incorporated  in 
April,  1889.  Its  area  is  6  square  miles.  The  town  and  city  are 
<^n3olidated. 

Tte  population  in  1910  was  15,152.  The  census  reports  for  1900 
and  1890  give  12,681  and  10,342,  respectively.  The  principal  indus- 
tries are  the  manufacture  of  brass  and  copper  articles,  iron  casting, 
and  general  foundry  work. 

TOPOGRAPHY. 

The  east  boundary  Ues  along  the  divide  between  Wepawaug  River 
and  Naugatuck  River,  and  the  town  extends  westward  to  the  top  of 
the  west  valley  wall.  The  highest  elevation — 450  feet  above  sea 
levd — is  about  the  middle  of  the  east  boundary,  and  the  lowest — 
•bout  18  feet  above  sea  level — is  at  the  place  where  Naugatuck  River 
crosses  the  south  boundary  of  the  town.  The  valley  floor  in  Ansonia 
his  an  average  width  of  about  1  mile. 
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Naugatuck  River  receives  all  the  drainage  except  that  from  a  very 
small  area  in  the  southern  part  of  the  town,  which  enters  the  Derby 
reservoirs.  About  one-fourth  of  the  town  is  wooded,  the  timbered 
areas  including  most  of  the  northeast  quarter  and  some  of  the  slopes 
in  the  southeast  and  northwest  quarters. 

WATEB-BEARING  FORMATIONS. 

Bedrocks. — ^The  Prospect  granite  gneiss  and  the  Orange  phyllite 
(p.  9)  compose  the  rock  floor  of  Ansonia.  These  rocks  are  dense, 
and  it  is  only  through  their  ramifying  system  of  joint  cracks  that  they 
are  capable  of  furnish  ing  moderate  supplies  of  water  (p.  17).  Thebed- 
rocks  are  exposed  in  the  hills  and  on  some  of  the  slopes,  as  indicated 
in  Plate  III,  but  exposures  are  not  so  numerous  here  as  in  Seymour. 

Tin. — ^Unstratified  mixtures  of  clay,  sand,  gravel,  and  bowlders 
deposited  by  the  last  retreating  glacier  constitute  the  rock  cover  on 
the  hills.  It  ranges  in  thickness  from  a  few  inches  to  30  Or  40  feet 
and  yields  moderate  domestic  water  supplies  where  the  thickness 
exceeds  10  or  15  feet  (p.  11). 

Stratified  drift. — Stratified  deposits,  consisting  of  poorly  sorted  sand 
and  gravel,  occur  along  the  river,  and  a  few  small  deposits  are  found 
in  the  valleys  in  the  eastern  part  of  the  town.  The  stratified  deposits 
along  Naugatuck  River  are  capable  of  yielding  supplies  to  shallow 
wells,  but  the  deposits  in  the  eastern  part  of  the  town,  on  account  of 
their  topographic  position  and  their  small  extent,  are  not  important 
as  water-bearing  formations  (p.  13). 

SUBPACE-WATEB  SUPPLIES. 

Surface  waters  are  used  to  a  moderate  extent  both  for  power  and 
for  domestic  consumption.  The  brook  that  rises  in  the  southeast 
corner  of  Seymour  and  joins  Naugatuck  River  at  Ansonia  is  the 
principal  source  of  the  Ansonia  supply.  The  Ansonia  Water  Co. 
maintains  an  ice  pond  on  this  brook  near  Ansonia,  and  not  far  below 
it  is  a  dam  that  furnishes  power  for  the  Cook  machine  shops.  A  dam 
in  Naugatuck  River  just  north  of  the  Sejmaour  line  diverts  water  into 
a  power  canal  which,  together  with  a  dam  at  Ansonia,  furnishes  power 
for  factories  in  the  city.  A  site  for  a  small  storage  reservoir  near  the 
headwaters  of  Twomile  Brook  is  said  to  be  regarded  by  the  Ansonia 
Water  Co.  as  a  possible  additional  source  of  supply  for  the  city. 

According  to  tests  of  monthly  samples  from  Naugatuck  River  at 
Ansonia  made  by  the  Connecticut  State  Board  of  Health  from  1894 
to  1897  the  water  of  that  stream  contains  an  average  of  54  parts 
per  million  of  total  solids,  16  parts  of  which  is  volatile  matter  and 
3.8  parts  is  chlorine,  and  has  a  total  hardness  of  14  parts  and  a 
color  of  39  parts.* 

1  Compiled  trom  data  in  annual  reports  of  the  State  Board  of  Health  of  Connecticut  for  1894-1807. 
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OBOI7NB-WATEB  SUPPLIES. 

Tile  11  dug  wells  which  were  examined  range  in  depth  from  11  to 
35  feet  an  J  average  19  feet.  The  depth  to  water  ranges  from  9  to  29 
feet  and  averages  16  feet.  Most  of  the  wells  are  of  the  ordinary 
open  type,  walled  with  cobblestones,  and  equipped  with  a  rope  and 
bucket  lift.  The  supplies  obtained  from  these  wells  are  generally 
adequate  for  ordinary  domestic  needs.  Only  one  of  the  walls  is  said 
to  fail,  but  it  is  probable  that  failures  would  be  more  common  if  the 
city  water  were  not  so  generally  available. 

Six  drilled  wells  were  examined,  three  of  which  were  said  to  be  70 
feet  deep.  The  meager  data  in  regard  to  these  wells  are  given  in  the 
table  on  page  43. 

Owing  to  the  small  area  of  Ansonia  and  the  possible  extension  of 
the  public  water  systems,  it  is  not  likely  that  private  ground-water 
snpphes  for  domestic  use  will  be  in  great  demand.  It  is  probable 
that  if  new  developments  are  imdertaken  because  of  its  low  cost  the 
dug  well  will  continue  to  predominate.  In  all  parts  of  the  town 
outside  that  represented  by  the  dotted  area  in  Plate  HI  till  or  rock, 
or  both,  will  be  encoimtered  in  sinking  a  well.  Water  will  be  obtained 
at  a  depth  of  about  5  to  20  feet,  except  on  some  of  the  steepest  drift- 
covered  slopes,  where  the  depth  may  in  some  places  exceed  20  feet. 
The  rock  surface  is  very  uneven  and  may  be  encoimtered  at  any 
depth  below  the  groxmd,  but  where  the  depth  is  less  than  10  feet  it 
would  usually  be  more  economical  to  drill  a  well  than  to  dig  one. 
The  amount  of  water  available  by  means  of  dug  weUs  will  generally 
he  adequate  for  ordinary  domestic  needs.  In  the  area  of  stratified 
drift  (PI.  Ill)  shallow  dug  wells  are  very  hkely  to  be  contaminated, 
and  if  private  supphes  are  desired  they  should  be  obtained  by  means 
of  drilled  or  deep-driven  weUs. 

On  accoimt  of  the  thinness  of  the  drift  most  drilled  wells  draw 
their  supphes  from  the  bedrocks.  SuppUes  from  this  soiu-ce  vary 
largely  in  quantity,  and  the  success  of  any  particular  well  can  not 
be  predicted.  However,  most  of  the  drilled  weUs  fimush  ample 
supplies  for  domestic  needs,  so  that  it  is  reasonably  safe  to  invest 
in  drilling  if  that  kind  of  a  supply  is  desired. 

Driven  or  drilled  weUs  ending  below  the  river  level  in  stratified 
deposits  would  doubtless  yield  large  suppUes,  but  if  the  draft  were 
Wvy  and  continuous  it  is  probable  that  sooner  or  later  contami- 
nated water  from  Naugatuck  River  would  be  drawn  from  the  wells. 

PUBLIC    WATER    SUPPLIES. 

Ansonia  is  suppUed  with  water  by  two  private  companies.  The 
Fountain  Water  Co.  suppUes  that  part  of  the  city  lying  west  of 
Naugatuck  River  and  the  Ansonia  Water  Co.  supphes  all  of  the 
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city  east  of  the  river.  The  works  of  the  Fountam  Water  Co.  include 
a  reservoir  in  Derby,  from  which  water  is  deUvered  by  gravity. 

The  Ansonia  Water  Co.,  of  which  Theodore  L.  Bristol  is  president 
and  F.  J.  Davis  superintending  engineer,  has  one  high-pressure 
reservoir,  one  low-pressure  reservoir,  and  one  distributing  reservoir. 
The  high-pressiu'e  reservoir  covers  43  acres,  is  controlled  by  a  ma- 
sonry dam  20  feet  high  at  an  elevation  of  326  feet  above  sea  level, 
has  a  capacity  of  200,000,000  gallons,  and  aflfords  a  pressure  of  90 
pounds  in  the  city.  The  low-press\u*e  reservoir  is  controlled  by  a 
masonry  dam  15  feet  high  at  an  elevation  of  138  feet  above  sea 
level  and  furnishes  20  pounds'  pressin-e  in  the  city.  Its  capacity  is 
33,000,000  gallons.  The  distributing  reservoir  is  266  feet  above  sea 
level,  is  controlled  by  an  earth  dam,  with  masonry  spillway  35  feet 
high,  giving  a  pressure  of  about  60  pounds.  Its  capacity  is  12,000,000 
gallons.  There  are  19  miles  of  mains,  102  hydrants,  and  about  900 
service  connections. 

The  maximum  daily  consumption  is  5,000,000  gallons  and  the  aver- 
age daily  consumption  1,250,000  gallons.  About  10,500  people  are 
supphed,  and  when,  at  the  end  of  the  season,  no  shortage  is  antici- 
pated, water  is  supphed  for  industrial  uses.  The  cost  of  construc- 
tion was  about  $290,000,  the  cost  of  operation  about  $450  ($456.04 
in  1912),  and  of  maintenance  $2,600  ($2,600.87  in  1912).  The 
income  is  about  $36,500.  Charges  are  based  on  both  meter  and 
flat  rates.  The  supply  is  adequate  for  the  present,  and  plans  are 
in  hand  for  an  extension  of  the  system  when  that  becomes  necessary. 


RECORDS    OF    WELLS. 


Information  concerning  dug  and  drilled  wells  in  Ansonia  is  pre- 
sented in  the  following  tables: 

Diig  wells  in  Ansonia^  Conn. 


Map 
No.o 

TopoRraphic 
position. 

ElevatJon 

above 
sea  level. 

Depth. 

Depth 

to 
water. 

Elevation 

of  water 

table 

above 

see  level. 

Cover. 

Remarks. 

1 

Hill 

Feet. 
260 
225 
155 
143 
345 
315 
125 
390 
340 
410 
340 

Feet. 
35 
12.5 
20.6 
12.9 

6  18.0 
12.0 
14.0 
16.0 
11.2 
30 
30 

Feet. 
20 
9.2 
18.6 

*"9'2* 
U.2 
15.5 
10.0 
28.0 
20.4 

Feet. 
240 
216 
134 
132 
327 
303 
111 
374 
330 
382 
311 

Open 

Mesh 

Lattice 

Lattice 

Closed 

Open 

Open 

Open 

Open 

12  feet  to  rock 

2 

Hm 

3 
4 

Slope 

Flat 

Use  city  water  largely. 

Not  used. 

X'se  not  over  10  gallons  a  day. 

5 
6 
7 
9 
12 
15 

Slope 

Slope 

Slope 

Slope 

Slope 

Hill. 

17 

Slope 

Mesh 

WeU  fails;  brook  water  used. 

a  See  PI.  Ill,  in  pocket. 


b  Depth  reported. 
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Map 
M 

Ownor. 

Topo- 
poazuon. 

ElevBtiozi 

above 
sealeveL 

Depth. 

Diame. 

ter. 

Yield 
ms^te. 

Ck>rt. 

g 

Baciii 

HDl 

Hfll 

Flat 

Hfll 

Hfll 

Hfll 

Feet. 
376 
400 
320 
410 
420 
390 

Feel. 
70 

"bTO 
670 

IwAex. 
6 
6 
6 
6 
6 
6 

Good.... 

TO 

J.Q.TtofdBy 

f  1^  per  foot.a 

u 

J^im^  w'lini,, ..,,.- , , . , 

n 

C.C.  Ford 

14 

ICoCraty 

*L(jw;::: 

in 

WflifcHnFllh.  

•  Does  not  in^ude  oost  of  caaiag. 

*  Drilled  from  bottom  of  dog  well  30  feet  deep;  80  feet  to  rock;  drflled  about  1898. 

BEACON  FALLS. 
POPULATION   AND   INDUSTBIES. 

Beacon  Falls  is  in  the  west-central  part  of  New  Haven  County, 
on  Nau^atuck  River.  It  is  reached  by  the  Naugatuck  division  of 
the  New  York,  New  Haven  &  Hartford  Railroad  and  by  the  Derby 
division  of  the  Connecticut  Co.'s  Electric  Railway.  It  was  separated 
from  Bethany,  Oxford,  Seymour,  and  Naugatuck  and  incorporated 
in  May,  1871.     Its  area  is  10  square  miles. 

The  population  of  Beacon  Falls  in  1910  was  1,160.  In  1880,  1890, 
and  1900  it  was  379,  505,  and  623,  respectivdy.  The  principal 
industries  are  agriculture  and  the  manufacture  of  rubber  boots  and 
shoes,  small  hardware,  and  bronze  panels. 

TOPOGRAPHY. 

Beacon  Falls  extends  across  the  valley  of  Naugatuck  River.  The 
highest  elevation  is  in  the  northwest  comer  of  the  town,  where 
Toby's  Rock  Moimtain  reaches  an  elevation  of  730  feet  above  sea 
level.  The  lowest  elevation,  about  110  feet,  is  at  the  point  where 
the  river  crosses  the  south  boundary.  The  valley  floor  is  narrow 
and  is  less  than  2  square  miles  in  area.  The  slopes  and  the  hiUs  in 
the  eastern  half  of  the  town  are  all  wooded. 

The  Naugatuck  passes  through  the  middle  of  the  town  and  receives 
an  the  drainage.  It  is  joined  at  Beacon  Falls  village  by  Hocanum 
Brook  which  rises  in  the  western  part  of  Bethany. 

WATER-BEABING  FORMATIONS. 

Bedrocks. — ^The  Hoosac  (*'Hartland")  schist  and  the  Prospect  and 
Ttomaston  granite  gneisses  (p.  9)  underlie  Beacon  Falls  and  are 
exposed  in  bare  cliffs  on  both  sides  of  Naugatuck  River  as  well  as  on 
the  steep  slopes  in  other  parts  of  the  town.  The  bedrocks  are  too 
dcose  to  afford  large  water  suppUes,  but  moderate  supphes  can  be 
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obtained  from  wells  which  intercept  water-bearing  fissures  in  the 
rock.     (See  p.  17.) 

TiU. — ^The  unconsolidated  surface  deposits  in  all  the  upland  parts 
of  the  town  consist  of  mixtures  of  gravel,  sand,  and  bowlders  with 
some  clay  or  rock  powder,  which  were  laid  down  as  the  last  glacial 
ice  melted.  The  material  as  it  occurs  in  these  deposits  is  called  tilL 
It  ranges  in  thickness  from  a  few  inches  to  25  or  30  feet,  and  mod- 
erate supplies  of  water  for  domestic  purposes  are  obtained  from  the 
shallow  wells  which  penetrate  it.     (See  p.  11.) 

Stratified  drift — Sand  and  gravel  are  foimd  in  the  valley  at  the 
village  of  Beacon  Falls.  (See  PI.  III.)  The  thickness  of  the  deposit  is 
not  shown  by  data  collected  in  this  locality,  but  in  Waterbury  and 
in  Seymour  similar  deposits  have  thicknesses  of  more  than  100 
feet.     (See  p.  14.) 

SURFACE-WATER   SUPPLIES. 

The  factory  of  the  Beacon  Falls  Rubber  Shoe  Co.,  at  Beacon  Falls; 
is  operated  almost  entirely  by  water  power.  Steam  engines  have 
been  installed  for  use  in  emergencies,  but  the  river  is  seldom  so  low 
as  to  necessitate  their  use.  A  storage  reservoir  belonging  to  the 
Seymour  waterworks  is  situated  on  the  west  border  of  the  town 
northwest  of  Pines  Bridge. 

GROUNI>-WATER  SUPPLIES. 

Eight  dug  wells  examined  in  Beacon  Falls  range  in  depth  from  9 
to  27  feet  and  average  17  feet.  Depth  to  water  ranges  from  7  to  18 
feet  and  averages  13  feet.  Most  of  the  wells  in  this  town  draw 
their  supplies  from  the  till.  The  yields  are  low  but  adequate  for 
ordinary  domestic  needs.  Few  wells  are  situated  in  the  stratified 
deposits  because  the  Seymour  water  system  extends  up  the  valley 
and  supplies  that  part  of  the  town  which  is  underlain  by  the  strati- 
fied drift. 

Data  obtained  in  regard  to  four  drilled  weUs  are  given  in  the  table 
on  page  45. 

In  all  parts  of  the  town  except  the  area  represented  by  the  dotted 
pattern  on  Plate  III,  till  or  rock  will  be  encountered  at  the  surface, 
and  owing  to  the  general  thinness  of  the  drift,  dug  weHs  will  gener- 
ally reach  or  even  penetrate  the  bedrock.  Drilled  wells  must  be 
expected  to  draw  their  supphes  from  the  rock,  and  they  are  likely 
to  be  more  economical  than  dug  wells  where  the  drift  is  less  than 
about  10  feet.  Dug  weUs  20  to  30  feet  deep  are  likely  to  obtam 
supplies  adequate  for  ordinary  domestic  needs  (see  p.  36),  and  where 
it  is  possible  good  results  may  be  expected  from  the  siphon  equipment 
described  on  page  39. 
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In  the  area  underlain  by  sta^tified  deposits  (See  PI.  UI)  drilled 
or  deep-driven  wells  should  furnish  lai^e  supplies,  but  it  is  possible 
that  impure  water  will  be  obtained  if  the  wells  are  pumped  hard, 
because  the  principal  source  of  recharge  is  Naugatuck  River. 

PUBLIC   WATBB  SUPPLIES. 

There  fe  no  generally  distributed  public  water  supply,  but  a  main 
which  extends  from  the  works  of  the  Seymour  Water  Co.  to  Beacon 
Falls  supplies  part  of  the  water  used  by  the  Beacon  Falls  Rubber 
9)oe  Co.  and  a  few  houses  in  the  immediate  vicinity  of  the  rubber 
mUL 

BECOBDS  OF  WELLS   AND  SPRINGS. 

Information  concerning  weDs  and  springs  at  Beacon  Falls  is  given 
below.    The  map  cited  is  Plate  III,  in  pocket. 


Drilled  wells  in  Beacon  Falls,  Conn 
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Depth. 
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GaUofiM. 
25 

2 
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a  20  feet  to  rock. 
Dug  wells  in  Beacon  Falls,  Conn. 
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Well  fails. 

i 

Closed..! 
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Open... 
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Springs  in  Beacon  Falls,  Conn. 
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XZDDLBBXTBY. 
POPULATION  AND  INDUSTRIES. 

Middlebury,  in  the  northwestern  part  of  New  Haven  County,  is  bor- 
dered by  Woodbury,  Watertown,  Waterbury,  Naugatuck,  Oxford, 
and  Southbury.  It  is  reached  by  electric  railway  from  Waterbury 
and  Woodbury,  which  operates  on  a  15-minute  schedule  during  the 
summer  season  and  on  an  hourly  schedule  during  the  winter.  The 
town  was  organized  from  parts  of  Woodbmy,  Southbury,  and  Water- 
bury and  was  incorporated  in  1807.    Its  area  is  19  square  miles. 

llie  population  in  1910  was  836,  or  practically  the  same  as  a 
hundred  years  ago.  The  slight  fluctuations  in  population  from  1810 
to  1910  are  shown  in  the  accompanying  table.  The  principal  industry 
is  agriculture. 

Population  of  MiddUhtary,  Conn.f  181(^1910. 


Year. 

PopolatioiL 

Inomse. 

DeoTMse. 

Year. 

Popnlatioo. 

Inoreaae. 

Decreasp. 

1810 

847 
838 
816 
761 
7B3 
664 

Percent, 

Percent, 

1873 

696 
687 
566 

786 
836 

Percent. 
5 

Percent, 

1820 

1 
8 

7 

1880 

1 

1830 

1800 

IS 

1840 

1900 

80 
14 

1850 

as 

1910 

1860. 

13 

TOPOGRAPHY, 

Ifiddlebury  is  hilly  but  much  less  rugged  than  adjacent  river  towns. 
The  relief  is  nearly  as  great  but  the  slopes  are  more  gentle  and  com- 
paratively few  of  them  present  bare  rock  surfaces.  The  lowest 
elevation  is  on  the  east  border  of  the  town,  where  Welton  Brook 
crosses  the  line  at  an  elevation  of  about  350  feet  above  sea  level. 
The  highest  elevation — 900  feet — is  between  Middlebury  Center  and 
Quassapaug  Lake.  As  indicated  on  Plate  in,  the  slopes  and  narrow 
valleys  are  generally  wooded,  but  the  broad  hilltops  are  for  the  most 
part  cultivated. 

The  principal  streams  are  Hop  Brook,  Long  Swamp  Brook,  Mes- 
chapock  Brook,  Long  Meadow  Brook,  and  Eightmile  Brook.  These 
are  all  small  streams,  having  their  heads  in  Middlebury,  and  all 
discharge  into  Naugatuck  River  except  Eightmile  Brook,  which 
empties  into  Housatonic  River.  The  town  is  not  thoroughly  drained, 
as  is  indicated  by  the  appearance  on  the  map  (PI.  Ill)  of  several 
swampy  areas,  and  Long  Meadow  Pond  and  Quassapaug  Lake. 
Quassapaug  Lake  is  endowed  with  considerable  natural  beauty  and 
it  is  utilized  as  a  summer  resort. 
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WATEB-BEARING   FORBiATIONS. 


Be(2rocIr«.— Middlebury  is  underlain  by  crystalline  rocks  which, 
OD  the  basis  of  lithologic  differences,  have  been  separated  by  the 
Connecticut  (xeological  Survey  into  two  formations  and  named  the 
Waterbury  gneiss  and  the  Thomaston  granite  gneiss  (p.  9).  Crys- 
talline rocks  are  not  porous  enough  to  allow  free  circulation  of  ground 
wmter,  and  consequently  wells  drilled  into  them  must  depend  for  their 
sopplies  on  water-bearing  fissures  which  they  may  intercept.  This 
accounts  for  the  wide  range  in  the  yields  of  different  weUs  and  for 
occasional  dry  holes  in  close  proximity  to  good  wells.     (See  p.  17.) 

Glacial  drift, — ^The  bedrocks  are  overlain  by  a  mantle  of  glacial 
drift  consisting  of  till  (p.  10),  with  a  very  few  local  deposits  of 
coarsely  stratified  sand  and  gravel.  The  thickness  of  the  drift 
ranges  from  a  few  inches  to  30  or  40  feet,  and  averages  about  20 
feet.  The  occurrence  of  water  in  unconsolidated  deposits  is  dis- 
cussed on  page  11. 

GEOUND-WATEB  SUPPLIES. 

The  depth  to  water,  as  determined  by  measurements  of  28  dug 
weDs,  ranges  from  3  to  25  feet  and  averages  9  feet.  The  wells  range 
in  depth  from  9  to  31  feet  and  average  17  feet.  All  of  the  dug  wells 
eiuunined  are  in  till  and  five  of  them  go  dry  during  dry  seasons,  but 
in  general  their  supplies  are  adequate  for  domestic  needs. 

ISght  drilled  wells  were  examined  in  this  town,  which  range  in 
depth  from  47  to  558  feet  and  average  166  feet.  The  yields  range 
from  1^  to  20  gallons  per  minute. 

BECOBDS   OF    WELLS   AND  SPBINOS. 

Data  in  regard  to  wells  and  springs  are  given  in  the  accompanying 
tables. 

Dug  weDs  furnish  good  supphes  for  domestic  purposes  in  all  parts 
of  the  town  where  the  thickness  of  the  drift  is  more  than  about 
10  feet.  The  amount  of  waer  available  depends  to  some  extent  on 
the  thickness  of  the  drift,  and  where  this  is  less  than  about  10  feet 
it  b  likely  to  be  more  economical  to  drill  into  the  rock.  In  many 
places  it  wiU  be  possible  to  use  the  siphon  well  described  on  page  39. 

Good  domestic  supplies  may  be  obtained  from  drilled  wells  ending 
in  the  rock,  but  large  yields  should  not  be  expected  from  single 
weDs.    (See  p.  17.) 

The  wells  and  springs  are  niunbered  on  Plate  HI  (map  in  pocket) 
is  indicated  in  the  first  column  of  the  table. 

j>g200** — WBP  397—16 4 
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Dug  wdU  in  MiddUbunfy  Conn. 
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41 

Drilled  wells  in 

Middleburyy  Conn. 
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Springs  in  Middlebury^  Conn. 
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NAXXaATUCX. 
POPULATION   AND  INDUSTRIES. 

Naogatuck  is  in  the  northwestern  part  of  New  Haven  County  on 
Kaugatuck  River.  It  is  reached  by  the  Naugatuck  division  of  the 
Kew  York,  New  Haven  &  Hartford  !l^aihoad,  which  has  stations  at 
N'Mgatuck  and  Union  City;  by  the  Highland  division  of  the  same 
r&ilroad,  which  has  a  flag  station  at  Allerton  Farms;  and  by  the 
Dtfby  division  of  the  Connecticut  Co.'s  Electric  Railway.  The 
town  was  organized  from  parts  of  Waterbury,  Bethany,  and  Oxford, 
md  incorporated  in  May,  1844.    It  has  an  area  of  17  square  miles. 

hi  1910  the  population  was  12,722.  The  table  presented  below, 
whidi  gives  the  population  in  each  decade  from  1850  to  1910,  shows 
»  rapid  growth  in  recent  years  accompanying  the  growth  of  the  city 
of  Waterbury.  The  chief  industries  are  agriculture  and  the  manu- 
fictnre  of  india-rubber  goods,  knit  underwear,  malleable  iron,  but- 
t<HB,  copper  and  brass  plating,  chemicab,  gas  and  electric  fixtures, 
ttd  cut-glass  ware. 

Population  of  Naugatuck^  Conn,,  1850-1910. 


Populatioii. 


IS:: 


Increase. 


Year. 


1,720 
2,500 
2,830 
4,272 


Percent. 


51 
0 
51 


1890. 
1000 
1910 


Population. 


Increase. 


Percent. 
6,218  45 


10,541 
12,720 


70 
21 


TOPOGRAPHY. 


Kiugatuck  River  passes  through  the  middle  of  the  town,  receiving 
»fl  the  drainage,  and  this  stream  together  with  its  tributaries,  Long 
Metdow  Pond  Brook,  Beacon  Hill  Brook,  and  Spring  Brook,  has 
deeply  dissected  the  surface,  producing  an  average  relief  of  about  400 
feet.  The  highest  elevation — 850  feet — is  on  Huntington  Hill,  in 
tfiesoutiiwest  comer  of  the  town.  The  lowest  elevation  is  170  feet, 
^«w  Naogatuck  River  crosses  the  south  boundary.  The  upper 
P^rts  of  the  slopes  and  the  lower  hills  are  wooded,  but  the  tops  of  the 
l^^her  hills  and  the  lower  parts  of  the  slopes  are  clear  and  to  some 
extent  cultivated. 


WATER-BEARINO  FORMATIONS. 


Bedrodt«. — ^The  rock  formations  which  underUe  Naugatuck  are  the 
Waterbury  gneiss,  the  Hoosac  ("Hartland'')  schist,  and  the  Thomas- 
^granite  gneiss  (p.  9).  These  are  metamorphosed  rocks  of  igneous 
•fid  sedimentary  origin,  and  are  too  dense  to  allow  giound  water  to 
^^^^te  freely,  but  they  are  cut  by  numerous  fissiu-es  some  of  which 
containwater  (p.  17). 

KB,— In  all  the  upland  parts  of  the  town  till  (p.  10)  is  the  rock 
^^er.    It  ranges  in  thickness  from  a  few  inches  to  30  or  40  feet  and 
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has  an  average  thickness  of  about  15  feet.    The  occurrence  of  'wa 
in  till  is  discussed  on  page  11. 

Stratified  drift. — Naugatuck  Valley  and  the  valley  of  Beacon  I 
Brook  contain  deposits  of  sand  and  gravel.  These  deposits  are  n 
row  but  they  may  be  as  much  as  100  feet  thick  in  some  places.  1 
occurrence  of  water  in  stratified  deposits  is  discussed  on  page  11. 

SURFACE-WATER   SUPPLIES. 

Water  power  is  used  to  a  large  extent  by  the  mills  and  factories 
Naugatuck  and  Union  City.  Power  dams  are  situated  on  Lo 
Meadow  Pond  Brook,  Beacon  BBU  Brook,  on  the  brook  which  Ho 
through  Union  City,  and  on  Naugatuck  River.  A  small  stor£ 
reservoir  of  the  Naugatuck  waterworks  is  situated  just  west  of  XJni 
City. 

GROUND-WATER  SUPPLIES. 

Seventeen  dug  weUs,  which  range  in  depth  from  8  to  27  feet  aj 
and  average  17  feet,  show  depths  to  water  ranging  from  2  to  26  fc 
and  averaging  1 1  feet.  One  of  these  weUs,  near  the  top  of  Andrei 
Hill  at  an  elevation  of  about  650  feet  above  sea  level  (No.  9,  PI.  Hi 
is  subject  to  a  fluctuation  in  the  water  level  of  about  17  feet,  but 
has  never  been  dry.  AH  of  these  weUs  are  in  till,  and  only  one  of  the 
is  likely  to  fail  in  dry  seasons.     (See  table,  p.  51.) 

In  those  parts  of  the  town  which  are  underlain  by  till  good  domesj 
supplies  may  be  obtained  from  dug  wells,  provided  the  till  is  mo 
than  about  10  feet  thick.  Where  the  rock  lies  within  about  10  feet 
the  surface  satisfactory  dug  wells  are  likely  to  be  more  expensive  Ha 
drilled  wells,  and  the  chances  of  obtaining  good  supplies  are  probab 
better  in  drilling.  Siphon  weUs  (see  p.  39)  are  successfully  used  aloi 
Beacon  Hill  Brook  and  they  could  be  used  to  advantage  in  other  par 
of  the  town  where  dwellings  are  situated  near  drift-covered  slope 
The  stratified  deposits  in  the  valleys  would  yield  large  quantities  • 
water,  but  if  they  were  subjected  to  heavy  drafts  their  supply  woul 
probably  be  replenished  to  some  extent  from  Naugatuck  River. 

PUBLIC  WATER   SUPPLIES. 

The  Naugatuck  Water  Co.,  of  which  D.  P.  Mills  is  president  an 
E.  C.  Bamum  general  manager,  furnishes  water  to  the  city  of  NaugJ 
tuck.    The  works  include  seven  reservoirs,  as  follows: 

Naugatuck  city  reservoirs.  Qq)«city.  in  gailoos. 

Proapect  reservoir 110, 000, 000 

Long  Hill  Brook  reservoir 1, 500, 000 

New  reservoir 600, 000, 000 

Candy  Brook  reservoirs  (2) 5, 500, 000 

Distributing  reservoir 7, 000, 000 

High-service  (Mulberry)  reservoir 11, 000, 000 

635,000,000 
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Water  is  deliyered  by  gravity  irnder  a  pressure  of  about  1 10  pounds, 
faroog^  40  miles  of  mams,  supplying  a  population  of  about  10,000. 
[k  sTerage  daily  oonsmnption  is  between  one  and  two  million  gal- 
W8j  three-fourths  of  which  is  used  for  manufacturing  purposes.  In 
•869  of  emergency,  wat^r  is  pumped  from  Beacon  Hill  Brook  by 
sews  <^  a  Dean  pump  (steam)  into  the  distributing  reservoir.  No 
germicidal  treatment  is  used.  Charges  are  based  on  both  meter  and 
!at  rates. 

BEGOBDS  OF   WELLS. 

Infomiation  concerning  wells  in  Naugatuck  is  presented  in  the 
blowing  table.     The  map  referred  to  is  Plate  III,  in  pocket. 

Dug  wells  in  Naugatuck^  Conn. 


\ 

1 

Topo- 
pooUon. 

EleTatioxi 

above 
aealereL 

Depth. 

Depth 
to  water. 

Elevation 

of  water 

table  above 

sea  level. 

Cover. 

1 

Hfll 

Flat 

Slope 

Sfef::::: 
1^::::: 
Sr.;.::: 

Flat 

Slope 

Slope 

Slope 

Slope 

Slope 

Slope 

FUt 

Feet. 
520 
360 
290 
225 
330 
660 
700 
650 
330 
360 
455 
500 
630 
660 
375 
365 
330 

Feei, 
21.2 
17.4 
22.0 
23.0 
9.0 

a  14.0 
21.6 
20.0 
16.7 
17.6 
21.5 
12.0 
27.0 
19.0 
8.5 
10.0 

el2.8 

Feel, 

18.9 

8.2 

17.8 

21.0 

4.4 

2.5 

6.5 

2.0 

9.0 

13.1 

20.5 

10.0 

28.4 

17.0 

5.0 

5.0 

11.8 

Feet, 
506 
352 
272 
204 
326 
657 
603 
6  648 
321 
347 
434 
490 
604 
643 
370 
360 
318 

Open. 
Closed. 

f  1 

Open. 
ClMed. 

1  WR,Hniit«r      

1 1  W.  E.  Hcrntcr 

Closed. 

Open. 

m. :.::":": \ ...w 

S5Sf- 

Bi 

.Oi 

aosed. 

Open. 

17 ! 

tt'.,. 

Closed. 

^1 

Closed. 

Open. 

t 

•  W«ll goes  dry.  »  Floctnation,  17  feet.  e  Well  not  used. 

(OFOBD. 
POPULATION   AND   INDUSTRIES. 

Oxford,  in  the  northwestern  part  of  New  Haven  County,  is  reached 
»y  the  Highland  division  of  the  New  York,  New  Haven  &  Hartford 
^*2nMwi,  which  has  a  station  at  Towantic,  and  by  highway  from 
i<yinour,  which  is  on  the  Naugatuck  division  of  the  same  railroad, 
»d  (m  the  Derby  division  of  the  Connecticut  Co.'s  Electric  Railway. 
^Mon,  on  the  Berkshire  division  of  the  New  York,  New  Haven  & 
^ord  Railroad,  is  one-third  of  a  mile  west  of  the  western  border 
B^  is  the  station  and  post  office  for  that  portion  of  the  town.  Oxford 
'w  taken  from  Derby  and  Southbury  and  incorporated  in  October, 
'^   The  area  of  the  town  is  33  square  miles. 

y^  population  of  Oxford  in  1910  was  1,020.  The  following  table 
^68  the  changes  in  population  from  1800  to  1910,  and  shows  that 
^re  was  a  gradual  decline  from  1830  to  1890,  but  a  sUght  increase 
■ore  wcently.    The  principal  industry  is  agriculture. 
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Population  of  Oxford,  Conn.,  1800-1910. 


Ymi. 

PopulaUon. 

Increase. 

Decrease. 

1 

Year. 

PopulatioiL 

Increase. 

Decmse. 

IBOO 

1,410 
1  453 
1,08S 
1  763 
1,026 
1,564 

Per  cent. 

PereeM. 

1800 

1,260 
1338 
1,130 
902 
952 
1,020 

Pereemt. 

PaeefU. 

isio 

3 
15 
5 

1870 

5 

isao 

1880 

I 
I 

1830 

1800 

1840 

8 
4 

1900 

5 
7 

1850 

1910 

TOPOOBAPHY. 

Elevations  in  Oxford  range  from  about  40  feet  above  sea  level  oij 
Housatonic  River  at  the  south  comer  of  the  town  to  890  feet  oij 
Woodruff  Hill  on  the  north  boundary.  The  town  is  characterized 
by  high,  steep ,  wooded  slopes,  narrow  valleys,  and  by  the  absence 
of  level  land. 

Housatonic  River  and  Eightmile  Brook  form  parts  of  the  wesi 
boimdary.  Little  River  passes  through  the  middle  of  the  town] 
parallel  to  Housatonic  River,  and  the  headwaters  of  Long  Meado^ 
Pond  Brook  reach  into  the  northeast  comer  of  the  town.  Thest 
streams  with  their  tributaries  drain  almost  the  entire  area.  A  smal 
area  along  the  east  border  is  drained  by  a  small  brook  which  joiiu 
Naugatuck  River  at  Pines  Bridge  in  Beacon  Falls. 

WATER-BEARINO    FORMATIONS. 

Bedrocks. — Oxford  is  underlain  by  crystalline  rocks  which,  accord' 
ing  to  their  hthologic  chftf'acters,  are  recognized  as  three  different 
formations.  The  most  extensive  of  these  is  the  Waterbury  gneiss 
which  underUes  the  west  half  of  the  town.  The  Hoosac  (* ' Hartland'1 
schist  underhes  all  of  the  east  half  of  the  town  except  a  small  area  ifl 
the  southeast  comer  where  the  Thomaston  granite  gneiss  appear^ 
(p.  9).  These  rocks  are  exposed  at  the  surface  on  steep  slopefl 
throughout  the  town,  and  in  the  beds  of  most  of  the  brooks.  Thfl 
occurrence  of  water  in  rocks  of  this  character  is  discussed  on  page  17j 

Glacial  drift. — ^The  prevailing  rock  cover  in  Oxford  is  till,  which 
consists  of  unassorted  bowlders,  gravel,  sand,  and  rock  powder, 
deposited  by  the  last  retreating  ice  sheet.  This  formation  is  gen^ 
erally  very  thin  and  is  irregularly  distributed;  but  it  is,  nevertheless, 
the  most  important  source  of  groimd  water  in  the  town,  although 
only  shallow  well  and  spring  supphes  are  obtained  from  it.  Stratified 
drift  occurs  only  in  small  patches  along  Little  River  and  in  the 
vaUey  of  Eightmile  Brook  north  of  Quaker  Farms,  where  several 
smaU  eskers  extend  into  the  valley.  These  stratified  deposits,  on 
account  of  their  limited  extent,  furnish  only  shallow,  domestic 
supplies.     (See  p.  11.) 
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8UBFACE-WATBB  SUPPLIES. 

Water  power  is  developed  on  Eightmile  Brook  at  Southford  and 
near  Quaker  Farms  and  on  Little  River  at  Oxford.  There  are 
several  unused  power  sites,  some  of  which  seem  to  have  been  per- 
manently abandoned,  on  small  brooks  tributary  to  these  streams. 
One  of  the  reservoirs  of  the  Seymour  Water  Co.  is  situated  in  this 
town. 

GBOUND-WATEB   SUPPLIES. 

Sixty-one  dug  wells  examined  in  Oxford  range  in  depth  from  7 
to  37  feet  and  average  17  feet.  Depth  to  water  ranges  from  2  to  22 
feet  and  averages  9  feet — in  41  of  these  wells  the  depth  to  water 
is  less  than  10  feet.  Practically  all  are  in  till,  10  are  not  used,  and 
4  are  said  to  fail  in  dry  seasons.  Samples  of  water  were  examined 
by  the  methods  described  in  Water-Supply  Paper  151  with  the 
following  results: 

Six  springs  were  observed,  all  of  which  were  small  gravity  springs. 
(See  p.  55.) 

Eight  drilled  wells  have  depths  ranging  from  52  to  600  feet  and 
yields  ranging  from  1  to  40  gaJlons  a  minute.  The  average  depth  is 
160  feet  and  the  average  yield  is  12  gallons  a  minute. 

Stratified  deposits  in  Cbrford  are  so  limited  in  extent  that  they 
are  of  little  importance  in  determining  the  location  of  wells.  Good 
water  for  domestic  suppUes  is  available  in  all  parts  of  the  town. 
Where  the  drift  is  more  than  about  10  feet  deep  dug  wells  generally 
furnish  desirable  suppUes,  but  where  it  is  thinner  better  wells  are 
likely  to  be  obtained  by  drilling.  Supphes  larger  than  those  ordina- 
rily required  for  domestic  purposes  should  not  be  expected  from 
wells,  because  they  are  usually  not  available.  But  comparatively 
large  supplies  can  be  obtained  from  surface-water  reservoirs,  sit^ 
for  which  are  numerous. 
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GROUND  WATER  IN   WATERBURY  AREA,  CONN. 


RECORDS   OF   WELLS   AND   SPRINGS. 

Information  concoming  welk  and  springs  in  Oxford  is  given  in  the 
following  tables.    The  wells  and  springs  are  numbered  on  Plate  III. 

Dug  welU  in  Oxford,  Conn. 


Map 
No 

Owner. 

T<qK>- 
graphic 

Elera. 

tion 
above 

sea 
level. 

Depth. 

Depth 

to 
water. 

Eteva- 
tion  of 
water 
table 
above 
sea 
level. 

Cover. 

R««marks. 

1 

Slope... 
Slope... 
Slope... 
Slope... 
Slope... 
HilT.... 

HfU 

Slope... 
HilT.... 
Flat 

I'S!;;.: 

Flat..... 
Slope... 
Slope... 
Flat..... 
Slope.... 

Slope... 
Hill..... 

Hill 

Slope... 
HilT.... 

Hill 

Slope... 
Slope... 
Hill..... 

HiU 

Flat 

Flat 

Ifc:: 

Slope... 
Slope... 
Slope. . . 
Slope.... 
Slope... 
Hin..... 
Slop>... 
Slope.... 

Flat 

Flat 

Slope.... 
Slope.... 

Flat 

Hin 

Slope.... 
Flat 

HUl 

HUl 

HUl 

HiU 

Slope.... 

Flat 

Slope.... 
Slope.... 
Slope.... 

Flat 

Slope..., 
Slope.... 
Slope.... 

Flat 

Flat 

Feet. 
605 
630 
700 
455 
525 
670 
620 
550 
560 
565 
660 
640 

500 

570 
500 
600 
560 

600 
605 
606 
650 
610 
600 
500 
540 
625 
610 
360 
440 
360 
380 
350 
345 
380 
420 
460 
500 
496 
360 
355 
420 
660 
510 
295 
550 
98 
60 

385 
560 
570 
600 
630 
570 
'      400 
605 
530 
360 
430 
380 
270 
200 
200 

Feet. 
20.6 
14.4 
20.2 
10.6 
10.0 
18.1 
21.1 
16.4 
32.3 
12.1 

"'Y.ii' 

9.2 
22.6 
15.1 
11.4 
27.3 

25.1 
20.4 
26.4 

8.2 
13.6 
32.6 
12.1 
18.7 
27.7 
15.1 

8.5 
15.3 
11.3 
33.0 
16.6 
19.9 
27.2 
13.2 
10.6 
12.4 

7.7 
12.5 
10.8 
14.5 
29.2 
11.3 

9.6 
37.0 
22.1 
32.0 

17.1 
11.9 
20.2 
17.9 
19.2 
13.0 
13.7 
13.2 
17.8 
11.8 
15.3 
12.4 
12.6 
19.6 
22.6 

Feet. 
13.0 
6.6 
9.3 
4.5 
4.5 
7.4 
16.0 
12.4 
12.2 
6.1 
6.7 
2.0 

4.8 
8.3 
9.2 
6.7 
22.3 

21.7 
3.2 
8.8 
2.9 
5.1 
13.8 
5.0 
9.1 
16.1 
7.2 
5.0 
11.2 
8.8 
18.3 
14.2 
15.6 
21.1 
4.9 
6.3 
5.3 
3.2 
6.9 
4.7 
8.4 
15.2 
6.7 
4.6 
18.8 
19.4 

Feet. 
592 
623 
691 
450 
520 
663 
604 
538 
648 
560 
654 
638 

495 
562 
491 
594 
538 

578 
602 
596 
547 
605 
586 
495 
531 
609 
608 
355 
439 
351 
362 
336 
329 
359 
415 
454 
495 
492 
350 
350 
412 
645 
503 
290 
531 
79 

Closed... 
Open... 
Open... 
Open... 
Open... 
Open... 
Open... 
Open... 
Open... 

Open 

Open... 
Open... 

aosed... 
Open... 
Open.... 
Open.... 
Open... 

Open... 
Open... 
Open... 
Open... 
Open... 
Open... 
Open... 
Open... 
Closed... 
Open... 
ClS»d... 
Closed... 

Lot 

Open... 
Open... 
Open... 
Open.... 
Open.... 
Open... 

Not  used. 

2 

Notuswl. 

3 

6 

F.B.  Wheeler.... 

FaUs. 

7 

g 

9 
10 

Fnmklln  Nichols.. 

11 



Not  used. 

12 

13 

14 
15 

Town      well     In 
Towantic. 

Two    hoiiaes  sop- 
pUed. 

17 

18 

21 

FaUs. 

22 
23 



B.T.Nash 

Fluctuation,        12 

feet. 
FaUs. 

24 

25 

26 

27 



28 

29 

30 
31 

J.B.Beny 

Not  used. 
Not  used. 

33 

35 

Not  used. 

37 

38 

39 

40 

Not  used. 

41 

FaUs. 

42 

43 

Not  used. 

44 

45 

46 

Open... 
Open.... 
Open.... 
Open.... 
Closed... 
Open.... 
Open.... 
Closed... 
Open.... 
Closed... 

aosed... 
Open.... 
Open.... 
Open.... 
Open.... 
Open.... 
Open.... 
Open.... 
Open.... 
Open.... 
Open.... 
aosed... 
Open.... 
Open.... 
Open.... 

47 

48 

50 

51 

52 

53 

54 



55 

.58 

Depth  given  as  re- 
Not  ased. 

50 

^     7.5 
*     4.9 
7.4 
8.2 
7.3 
8.0 
5.2 
5.0 

11.8 
9.0 

13.3 
6.1 
7.0 

16.6 

13.5 

377 
556 
562 
502 
623 
662 
395 
600 
518 
351 
417 
374 
263 
183 
186 

60 

61 

62 

63 

64 

65 

66 

68 

71 

Not  used. 

72 

73 

74 

75 

76 
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?.■" 

1 

Owner. 

Topo- 
graphic 
posAioxL 

Eleva- 

tkm 

above 

1?^ 

Depth. 

Diam- 
eter. 

Yield 
per 

min- 
ute. 

Remarks. 

lA 

M.J.Gaasidy 

Hill 

Hill 

It?:::: 

Flat..... 
Hill..... 

Mm..... 

Fta. 
620 
405 
630 
470 
370 

386 

670 

580 

Fta, 

65 
52 

70 
58 
140 

175 
128 

600 

8* 

QaOima, 
1.5 
1 

20 

40 

17 

4 
4 

12 

30 
,1? 

CatlMTiiieFfaaer 

O.W.Cable 

2feettorock. 

3ft 

• 

B.L.Aiidnxi8 

lfz8.Jalla8anibrd.... 

ClMf .  Parfo 

20ftottorock. 

10  feet  to  rock;  lO-hoor  test  for 
yield;  weU  completed  May, 
1910;  cost  of  well,  1640. 

100  feet  to  rock. 

^ 

I  w  n^i^ 

10  feet   to   rock;  well   com- 

« 

C.  M.  Eckstiom. 

pleted  Sept.  1, 1905;  cost  of 

40  fee^  to  rock;  cost  of  weU, 
$3,600. 

Springs  in  Oxford,  Conn. 


sr 

Owner. 

Topointiphic 
position. 

Eleva- 
tion 

above 
sea 

level. 

Tem- 
ture. 

Yield 
minute. 

Remarks. 

4 
5 

P.  B.  Wheeler 

David  B.  Wbeeler 

Top  of  slope... 
Topofsk>pe... 

Slope 

Slope 

Feet. 
720 
600 
470 

80 
100 

60 

57 
56 

GaOont. 
aa5 
»3.0 

Low. 

Low. 

a 

57 

Slope 

DeUvered  by  siphon. 
Do. 

TO 

Flat 

a  Well  goes  dry. 


»  Flow  is  constant. 
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POPULATION   AND  INDUSTRIES. 

Seymour  is  in  the  western  part  of  New  Haven  County  on  Housatonic 
Mid  Naugatuck  rivers.  It  is  reached  by  the  Naugatuck  division  of 
the  New  York,  New  Haven  &  Hartford  Raikoad,  and  the  Derby  divi- 
^on  of  the  Connecticut  Co.'s  Electric  Railway.  It  was  separated 
from  Derby  and  incorporated  in  May,  1850.  The  area  of  the  town 
is  15  square  miles. 

The  population  of  Seymour  in  1910  was  4,786,  a  substantial  increase 
over  1900.  The  population  from  1850  to  1910  is  shown  m  the 
followfaig  table:  ^ 

Population  of  Seymour^  Conn.,  1850-1910. 


Year. 

Population. 

1 
Increase. 

Ymr. 

Population. 

Increase. 

>&».... 

1,677 
2,173 
2,318 

I 
Percent,    i 

1800 

3,300 
3,541 
4,786 

Percent. 
42 

WTO...::; 

28  1 

1900 

7 

«»....  

1910 

35 
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The  principal  industries  are  the  manufacture  of  brass  and  coppei 
goods,  plush,  hard-rubber  goods,  boring  implements,  edge  took, 
horseshoe  nails,  paper,  telegraph  cables,  bicycle  parts,  and  eyelets, 
an  iron  foundry,  and  agriculture. 

TOPOGRAPHY. 

Elevations  in  Seymour  range  from  about  30  feet  to  640  feet  above 
sea  level,  the  lowest  elevation  being  at  Housatonic  River,  in  the 
southwest  comer  of  the  town,  and  the  highest  about  a  mile  and  a 
half  north  of  that  place,  on  Great  Hill.  Eastward  from  Great  Hill 
the  land  slopes  rapidly  downward  to  Naugatuck  River,  where  the  ele- 
vation is  about  40  feet  above  sea  level,  and  then  rises  rapidly  to  500 
feet  above  sea  level  on  the  east  border  of  the  town.  Most  of  the 
slopes  are  wooded  but  the  hilltops  are  cultivated. 

Housatonic  River  forms  a  part  of  the  western  border  and  receives 
the  drainage  from  that  part  of  the  town.  Naugatuck  River,  which 
flows  through  the  town  parallel  to  and  about  2  miles  from  the  east 
border,  drains  about  two-thirds  of  the  area. 

WATER-BEARING   FORMATIONS. 

Bedrocks. — Hoosac  (*'Hartland'0  schist  and  the  Prospect  granite 
gneiss  (p.  9)  comprise  the  bedrocks  of  Seymour  and  they  are  exposed 
at  the  surface  on  many  of  the  steep  slopes  throughout  the  town.  The 
Prospect  granite  gneiss  is  cut  by  a  nearly  vertical  diabase  dike  which 
is  about  40  feet  wide.  This  diabase  appears  at  the  surface  in  a  line 
parallel  to  and  just  east  of  Naugatuck  River  and  is  locally  called 
trap  rock  because  of  its  similarity  to  the  **trap  rocks*'  of  the  Con- 
necticut River  valley.  None  of  these  rocks  is  capable  of  furnishing 
a  large  supply  of  water,  but  the  water-bearing  fissures,  which  are 
numerous  in  all  of  them,  afford  moderate  supplies  to  wells  (p.  17). 

TUl. — In  all  parts  of  Seymour  except  the  narrow  valleys  of  Housa- 
tonic River,  Naugatuck  River,  and  Bladens  River,  the  rock  is  covered 
with  imassorted  sand,  gravel,  and  bowlders  of  glacial  origin.  The 
maximum  thickness  of  this  material  was  not  determined,  but  it 
probably  does  not  exceed  30  or  40  feet  and  the  average  thickness  is 
about  15  feet.  Most  of  the  domestic  water  supplies  are  obtained 
from  shallow  wells  in  the  till  (p.  10). 

Stratified  drift, — The  stratified  deposits  foimd  along  Housatonic, 
Naugatuck,  and  Bladens  rivers  are  narrow  and  discontinuous. 
Their  occurrence  throughout  the  Waterbury  area  suggests  that  they 
were  deposited  by  the  smaller  tributary  streams  while  the  principal 
valleys  were  still  filled  with  ice.  The  thickness  of  the  fill  in  the  middle 
of  the  valley  is  shown  by  the  logs  of  wells  Nos.  58  and  59  (p.  59),  to 
be  about  125  feet.  The  occurrence  of  water  is  discussed  on  pages 
11  and  14. 
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SUBFACE-WATER   SUPPLIES. 

Bladens,  Little,  and  Naugatuck  rivers  furnish  power  for  mills  and 
factories  in  Seymour.  A  mill  at  Squantuck  obtains  power  from 
Fourmile  Brook,  and  a  dam  in  Naugatuck  River  about  2  miles  south  of 
Seymour  diverts  water  into  a  power  canal  which  leads  to  Ansonia. 
Some  of  the  storage  reservoirs  of  the  Ansonia  waterworks  are  situated 
in  the  southeast  comer  of  the  town. 

GROUND-WATER   SUPPLIES. 

The  depths  of  49  dug  wells  in  Seymour  range  from  6  to  45  feet 
and  average  18  feet.  The  depth  of  the  water  table  below  the  surface 
of  the  ground,  as  determined  by  measurements  of  48  wells,  ranges 
from  6  inches  to  38  feet  and  averages  14  feet — in  20  wells  it  is  less 
dian  10  feet  to  water.  Eight  of  the  wells  examined  are  subject  to 
failure  and  six  wells  are  not  used. . 

Six  small  gravity  springs  were  observed,  two  of  which  are  regularly 
used. 

The  depths  of  four  drilled  wells  range  from  60  to  447  feet  and 
average  210  feet.  They  yield  from  1.5  to  90  gallons  a  minute  and 
average  28  gallons.  Two  are  used  for  domestic  purposes,  one  for 
manufacturing,  and  one  situated  in  a  public  park  furnishes  drinking 
water.     (See  table,  p.  59.) 

Ground  water  for  domestic  use  can  be  obtained  from  dug  wells  in 
aU  parts  of  Seymour  where  the  drift  is  more  than  about  10  feet  thick, 
but  where  bedrock  is  less  than  that  distance  below  the  surface  it  is 
generally  advisable  to  drill  into  the  rock.  Very  shallow  wells  are 
not  likely  to  be  permanent  and  they  are  not  desirable  from  a  sanitary 
viewpoint. 

Shallow  wells  in  the  stratified  deposits  are  especially  liable  to 
contamination  on  account  of  the  topographic  positions  of  these 
deposits  and  on  account  also  of  the  greater  density  of  population  in 
the  valleys  imderlain  with  stratified  beds  than  on  the  till-covered 
uplands.  Drilled  or  driven  wells  ending  in  gravel  below  the  level 
of  the  river  would  probably  furnish  large  suppUes,  but  a  large  part 
of  the  water  from  this  source  would  come  from  Naugatuck  River 
because  a  heavy  draught  would  soon  exhaust  the  supply  furnished 
from  the  narrow  and  steep  slopes  adjacent  to  the  river.  Larger 
suppUes  than  those  ordinarily  required  for  domestic  purposes  should 
not  be  expected  from  wells  in  this  area,  although  some  drilled  wells 
have  furnished  comparatively  large  amounts. 

PUBLIC   WATER   SUPPLIES. 

Seymour  is  suppUed  with  water  by  a  private  company,  of  which 
Mr.  D.  A.  Blakeslee,  of  New  Haven,  is  secretary  and  treasurer. 
Very  little  information  was  obtained  in  regard  to  the  system.     It  was 
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said  merely  that  the  system  comprises  two  reservoirs,  and  55  public 
and  8  private  hydrants.  The  water  is  delivered  by  gravity  imder  a 
pressure  of  100  to  120  pounds,  and  is  sold  at  a  flat  rate,  except  to 
manufacturers,  who  pay  on  a  meter  basis. 


RECORDS  OP   WELLS   AND   SPRINGS. 


Information  concerning  wells  and  springs  in  Seymour  is  presentcnl 
in  the  following  tables.    The  map  cited  is  Plate  III,  in  pocket. 

Dug  well*  in  Seymour ^  Conn. 


Map 


Owner. 


7 

8 

9 
10 
U 
12 
13 
14 
16 
17 
18 
10 

ao 

21 

23 

23 

34 

25  . 

361 

39 

ao  I 

31 
32  ' 

36 
37 

88  ! 
39, 
41  ' 


Wilson  Duckley. 


Topo- 
graphic 
positioQ. 


Slope. 
Flat... 
Slope.. 

Slope.. 


HIU... 
Slope.. 
Slope.. 
Slope.. 
Flat... 
Slope.. 
Flat... 
HUl... 
Hill... 
Slope.. 
Hlfl... 
HiU... 
Slope.. 
Slope. 
Flat... 
FUt... 
HUl... 
HIU... 
Slope.. 
Slope.. 
Slope. 
Flat... 
Slope.. 
Slope.. 
Slope.. 
Flat... 
Slope. . 
Flat... 
Slope.. 

Flat... 
Flat... 
Flat... 


Flat... 
Slope. 
Slope.. 
HUl... 
HUl... 
Slope.. 
Hin... 
HUl... 


HUl... 
Slope. . 
Slope... 
Slope.., 


Eleva- 

tioo 

Depth 

above 

Depth. 

to 

sea 

water. 

level. 

Feet, 

Feet. 

Feet. 

90 

45.3 

33.6 

60 

16.8 

9.6 

560 

7.9 

.6 

650 

185 

6.7 

m 

7.3 

.9 

495 

15.3 

7.6 

430 

11.7 

3.3 

460 

17.6 

9.3 

310 

16.3 

8.0 

365 

11.0 

6.0 

520 

9.8 

3.3 

405 

14.1 

13.5 

505 

20.1 

36.6 

525 

30.0 

13.3 

375 

22.5 

16.4 

300 

15.8 

35.3 

300 

7.2 

3.4 

360 

16.1 

13.6 

130 

21.1 

18.1 

75 

26.4 

33.6 

75 

23.7 

14.0 

550 

18.0 

9.7 

530 

18.4 

15.3 

410 

15.8 

5.8 

380 

10.6 

3.3 

185 

6.3 

3.1 

80 

18.1 

14.0 

500 

30.8 

30.3 

300 

17.6 

16.3 

365 

34.0 

33.0 

320 

18.1 

17.3 

350 

10.3 

8.4 

165 

9.0 

6.4 

310 

31.1 

Dry. 

185 

30.1 

13.5 

170 

30.3 

37.9 

155 

37  9. 

30.6 

130 

43.6 

38.5 

330 

16.3 

14.5 

335 

10.3 

6.8 

370 

19.9 

12.1 

380 

9.0 

5.2 

380 

34.9 

22.5 

380 

14.6 

11.0 

400 

30.9 

19.9 

300 

15.9 

14.2 

340 

7.0 

2.0 

860 

31.0 

21.0 

330 

36.6 

36.0 

Eleva- 
tion of 
water 
toble 
above 
sea 
level. 


Feet. 

67 

50 

650 

044 

650 


487 
437 
451 
303 
350 
517 
483 
478 
513 
350 
305 
307 
346 
102 
52 
61 
540 
505 
404 
277 
182 
66 
480 
284 
24Jt 
203 
246 
IbO 


in 

142 
124 

81 
215 
226 
258 
375 
857 
360 


876 


330 
294 


Cover. 


Open.., 


Open... 
Open... 
open... 


Mesh... 
Open... 
Open... 
Mesh... 
Open..., 
Open.., 
Open.., 


Open .. 
Open... 
Open..., 
Open.., 
Me-Oi... 
i^attiee.. 
Open.., 
Open..., 
Closed.. 
Open..., 
Open..., 
Open.., 
Mesh... 
Mesh... 
Open..., 
Open.... 
Open.., 
Open.., 
Open..., 


Remarks. 


Closed.. 

Closed.. 
Me<ih.... 
Mesh.... 

Open.... 
Open.... 
Open.... 
Mesh.... 
Open . . . 
Open.... 


Lattice. 


Surface  drainage  enterini; 
when  well  was  inen.s- 
ured. 

Fafls-. 

Not  used. 
Not  used. 
Seldom  used. 
Not  used. 
FaU«. 
Unclean. 


Fails. 


FaUs. 
FaUs. 


Dry  June  to  Decembfr 
each  yc»ar. 


Never  less  than  5  feet  ot 
water. 


Not  used;    pump  city 
water  from  reservoir. 


Dry  2  months  every  year. 
Dry  2  months  e  verj-  vear, 
not  used. 
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5? 

I 

1                                         Topo- 
Owner.               Rrsphlc 
1                                     positioii. 

I 

Eleva- 
tion 

aboTe 
sea 

leveL 

Depth. 

Diam. 

eter. 

Yield 
moiute. 

Remarks. 

S3 
58 

Smitli  Holbrook 

Jod  Chatfleld. 

Wsterman  Pen  Co., 

H.  P.  and  E.Day. 

flfynwuf 

Hm 

Slope.... 
Flat 

Hfll 

Feet. 
305 
370 

85 

155 

FeeL 
98 
60 
447 

234 

Ineket. 

6* 

8 

6 

GiMons. 
5 

18 
(») 

1.5 

26  feet  to  rock. 

128  feet  to  rock;  cost  of  well, 
12.159. 

$841. 

s  Yields  30  gaUons  at  suction  and  90  gallons  at  70  feet. 
Springs  in  Seymour,  Conn. 


No. 

Owner. 

^"pSaSS!"" 

Elevation 

above 
sea  level. 

Temper- 
ature. 

Yield 
mmute. 

Remarks. 

1 

Sidney  Downs      .  .  . 

Slope          

Feet. 
80 
400 
306 
300 
255 
187 

OaUoru. 

Converted  to  well. 

16 

Foot  of  slope., 
eiope 

Pumped  by  windmill. 
Constant. 

rt 

57 

1 

w 

Slope 

40 

Edmand  Day 

Slope 

55 
50 

46 

o>. 

Slope 

2 

THOMASTON. 


POPULATION   AND   INDUSTRIES. 


Thomaston  is  in  the  southeastern  part  of  Litchfiold  County,  in  the 
Naugatuck  Valley.  It  is  reached  by  the  Naugatuck  division  of  the 
New  York,  New  Haven  &  Hartford  Eailroad,  which  has  stations  at 
Tliomaston  and  Reynolds  Bridge;  by  trolley  from  Terryville  station 
OQ  the  !ffighland  division  of  the  same  railroad,  1  mile  to  the  village 
of  TerryviDe,  thence  3  miles  by  stage;  by  troUey  from  Waterbury 
hourly.  The  town  was  separated  from  Plymouth  and  incorporated 
in  May,  1875.    It  has  an  area  of  12  square  miles. 

The  census  reports  show  a  very  slow  growth  in  population  since 
the  first  enumeration  in  1880,  as  indicated  in  the  following  table. 
In  1910  the  population  was  3,533.  The  principal  industries  are 
agriculture  and  the  manufacture  of  clocks  and  watches,  brass  goods, 
cutlery,  dock  bells,  etc. 

Population  of  Thomaston,  Conn.,  1880-1910. 


Year. 

Population. 

Increase. 

Year. 

• 

Population. 

Increase. 

M» 

3,225 
3.278 

Percent. 

igoo    . 

3.300 
3,533 

Percent. 
1 

iw....::::::::::::::::::: 

2 

IftlO 

7 
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TOPOGRAPHY. 

The  highest  elevation,  1,022  feet,  is  on  Lattin  Hill,  near  the  north 
boundary  of  the  town;  the  lowest — about  330  feet  above  sea  level — 
is  at  the  confluence  of  West  Branch  of  Naugatuck  River  with  Nau- 
gatuck  River.  These  rivers  occupy  narrow  valleys  whose  walls  rise 
abruptly  400  to  500  feet  and  embrace  practically  the  entire  area  of 
the  town. 

WATER-BEARING  FORMATIONS. 

Bedrocks. — ^The  rock  floor  is  comprised  of  Waterbury  gneiss, 
Thomaston  granite  gneiss,  and  a  small  body  of  amphibolite.  These 
are  crystalline  rocks  (p.  9),  very  dense  in  texture,  and  consequently 
poorly  suited  to  furnish  large  quantities  of  water.  Owing,  however, 
to  the  intense  fracturing  which  they  have  imdergone  water-bearing 
fissures  are  sufficiently  numerous  to  afford  moderate  supplies  to 
drilled  wells.  The  occurrence  of  water  in  rocks  of  this  character  is 
discussed  on  page  17. 

Glacial  drift — Unstratified  drift  or  till  (p.  10)  consisting  of  bowlders, 
gravel,  sand,  and  rock  powder  constitutes  the  rock  cover  in  all  the 
upland  parts  of  the  town.  (See  PI.  III.)  Its  thickness  ranges  from 
a  few  inches  at  the  edge  of  rock  outcrops  to  25  or  30  feet  and  in  all 
the  deeper  parts  water  may  be  obtained  from  dug  wells.  Stratified 
drift  occupies  the  lowland  adjacent  to  the  rivers,  as  shown  on  Plate 
ni,  and  ranges  in  thickness  from  a  few  feet  to  about  50  feet.  The 
occurrence  of  water  in  unconsoUdated  deposits  is  discussed  on  page  1 1. 

SURFACE-WATER   SUPPLIES. 

Power  is  developed  on  Naugatuck  River  at  Thomaston;  and  the 
Wigwam  reservoir  of  the  Waterbury  waterworks  is  situated  on  West 
Branch  of  the  Naugatuck  in  the  northwest  comer  of  the  town. 

GROUND-WATER   SUPPLIES. 

Eighteen  dug  wells  were  examined  in  Thomaston  ranging  in  depth 
from  10  to  30  feet  and  averaging  19  feet.  Depth  to  water  in  these 
wells  ranges  from  2  to  16  feet  and  averages  8  feet.  Most  of  the  dug 
wells  are  in  till  and  some  of  them  doubtless  penetrate  rock,  but  no 
reliable  information  on  this  point  is  available.  The  annual  fluctua- 
tion of  the  water  level  in  one  well  was  reported  to  be  14  feet  and  in 
another  8  feet.  None  of  the  wells  examined  have  recently  been  dry, 
and  the  water  supplied  by  all  has  been  adequate  for  domestic  needs. 

Nine  drilled  wells  were  visited,  and  these  range  in  depth  from  40 
to  338  feet  and  average  132  feet.  Their  yields,  as  determined  by  the 
drillers  as  the  wells  were  finished,  range  from  one-fourth  gallon  to  15 
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gaDoDS  a  minute^  and  average  5  gallons.  The  depths  to  bedrock 
range  from  3  to  48  feet  and  average  14  feet.  The  cost  of  drillmg 
was  in  most  cases  S3.50  a  foot,  but  for  three  of  the  wells  the  total 
cost  was  reported,  as  indicated  in  the  table  on  page  62.  A  consid- 
erable amount  of  well  drilling  is  being  done  in  Thomaston,  notwith- 
sUuding  the  fact  that  the  public  water  supply  is  available. 

PUBLIC   WATER  SUPPLY. 

The  Thomaston  waterworks  were  built  by  the  Thomaston  Water 
Co.,  a  corporation,  in  1880.  The  supply  is  obtained  from  springs  and 
deHvered  by  gravity  from  an  impounding  reservoir.  The  area  of  the 
reservoir  is  40  acres  and  its  capacity  is  between  80,000,000  and 
100,000,000  gallons.  The  pressure  is  90  to  125  poimds.  There  are 
269  service  connections  and  50  fire  hydrants.  The  use  of  meters  is 
optional  with  the  consiuners  but  compulsory  for  the  railroad  company 
and  town  buildings.  Twenty-nine  are  now  in  use.  The  consumption 
is  not  known.  The  flat  rates  range  from  S2  to  $10,  and  the  income 
for  1912  was  $6,906.28.    Mr.  F.  R.  Roberts  is  secretary-treasurer. 

According  to  tests  by  the  State  Board  of  Health  of  six  samples 
collected  in  1904  the  water  supply  of  Thomaston  has  an  average 
color  of  30  parts  per  million  and  an  alkalinity  of  7  parts.^ 

BECORDB  OF  WELLS. 

Information  concerning  the  wells  in  Thomaston  is  presented  in  the 
foUowing  tables.     The  map  cited  is  Plate  III,  in  pocket. 


Dug  wells  in  ! 

Thomaston,  Conn. 

Elevatkm 

Topo- 

El6v»tioa 

Depth  to 
water. 

of  water 

graphic 
podtion. 

above 
s«a  level. 

Depth. 

table 
above 

Cover. 

Hemarks. 

sea  leveL  | 

Fea. 

Feet. 

Feet. 

1 

Hfll 

025 

22.3 

7.3 

918 

Open 

Lowest  on  Nov.  5, 1913;  at  that 
timecontalned  3  feet  of  water. 

isr.:- 

740 
810 

10.0 
5.0 

730 
805 

Closed.... 

Open 

Cfosed.... 

10.7 

Hill 

920 

20.3 

7.1 

913 

2.5  feet  of  water  at  lowest  stage 

in  1913. 

g^; 

440 

23.3 

16.9 

423 

Closed.... 

mP: 

400 
flOO 

13.9 
15.4 

7.0 
5.8 

393 

794 

Open 

Closed.... 

Use  35  gallons  a  day. 

Hfll...:.:. 

966 

24.6 

2.1 

963 

Closed.... 

Not  used. 

Hfll 

900 

41.0 

10.0 

890 

Closed.... 

U) 

gope 

796 

14.0 

5.8 

789 

Closed.... 

Not  used. 

11 

81^ 

676 

23.6 

14.3 

661 

Open 

12 

nS! 

480 

14.1 

7.9 

472 

tt 

Flat 

480 

16.0 

6.9 

473 

Opeo 

Cfosed.... 

n 

FUt 

410 

14.0 

8.5 

401 

'A 

Flat 

370 

19.3 

17.0 

353 

Closed.... 

% 

Fltt 

390 

17.5 

13.8 

376 

Open 

Closed.... 

Not  used. 

'tt 

Stop* 

460 

10.0 

2.0 

458 

Supplies  nine  fiunilies;  fluctua- 
tion, 8  feet. 

28 

fflop6 

360 

30.0 

7.2 

353 

Open 

Fluctuation,  14  feet. 

1  Connecticut  State  Board  of  Health  Ann.  Rept.  1904,  p.  225. 
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DriUed  weUs  in  Thomastony  Conn, 


Map 

Owner. 

Topo- 
graph- 
ic po- 
sittoa. 

Eleva- 
tion 

above 
sea 

level. 

Depth. 

Diame- 
ter. 

Yield 
mmate. 

Cost. 

Remarks. 

13 
14 

15 
16 

Beth  Thomas  Hock 

Co. 
W.T.  Woodruff 

Louis  Schiappicasse. . 
Alfred  Holm 

Flat.. 
Slope, 

Flat.. 

Flat.. 

Flat.. 
Flat.. 
Flat.. 

Fhit,. 

Feet 
460 

580 

400 
420 
400 
375 

400 
410 
880 

400 

Feet. 
338 

330 

87 
65 
50 
110 

40 
55.5 

110 

Itieket. 

8 

8 

6 
6 
6 

8 

6 
6 

8 

6 

Oidloiu. 
8 

6 
15 

1 

»l,7fl« 

ll,flW 

$3.5aperfoot 
13.50  per  foot 
$3.50  per  foot 

3  feet  to  rode. 

6  feet  to  rode;  com- 
pleted Dec  1, 
1913. 

3  f^t  to  rode. 

8  feet  to  rodL 

17 
18 

Robert  Innes 

*<ThomastoQ" 

Oeo.Ho8ftard 

4  feet  to  rock. 
Presented  by  W.  a 

T.U. 

5  feet  to  rook. 

19 

1 
10 

$3.50  per  foot 
$3.50  per  foot 

20 

...    do 

14  feet  to  rock. 

21 

S.H.Goodman 

R.B.Newton 

48  feet  to  rock;  in- 

24 

\ 

$396 

complete. 
33  feet  to  rode 

WATE&BUBT. 


POPULATION   AND   INDUSTRIES. 


Waterbiiry  is  in  the  northern  part  of  New  Haven  County,  in  the 
Naugatuck  Valley.  It  is  reached  by  the  Naugatuck  and  Highland 
divisions  of  the  New  York,  New  Haven  &  Hartford  Railroad,  which 
has  stations  at  Waterbury  and  Waterville,  and  by  the  Meriden 
division  of  the  same  road,  which  has  a  station  at  Waterbury;  by 
trolley  from  New  Haven  via  Cheshire,  and  from  New  Haven  and 
Bridgeport  via  Derby;  by  trolley  from  Woodbury,  Middlebury,  and 
Thomaston;  by  stage  from  Woodbury  and  Middlebury  daily.  The 
town  was  named  in  1686.  The  town  and  city  are  consolidated  and 
have  an  area  of  29  square  miles. 

The  population  in  1910  was  73,141.  The  following  table  shows  the 
changes  in  population  from  1756  to  1913. 

The  principal  industries  are  the  manufacture  of  rolled  and  cast 
brass  and  copper,  german-silver  goods,  lamp  trimmers,  boilers,  but- 
tons, clocks,  watches,  plated  wire,  pins,  eyelets,  and  buckles,  electric- 
light  and  telephone  wire,  machinery,  chemicals,  etc.,  and  agriculture. 
The  city  is  the  center  of  the  brass  industry  in  this  country. 

Population  of  Waterbury,  Conn.,  1766-19 IS. 


Year. 

Increase. 

Decrease. 

Year. 

Population. 

Increaae. 

Decrease. 

1756 

1,829 
3,536 
2,240 
2,937 
3,256 
2,874 
2,882 
3,070 
3,668 

Percent. 

Percent. 

1850 

5,137 
10,004 
13,106 
20,270 
33,202 
51,139 
73,141 
«  81,000 

Percent. 
40 
95 
31 
55 
64 
54 
43 
11 

Percent. 

1774 

93 

I860 

1782 

36 

1870 

1790 

31 
11 

1880 

1800 

1800    

1810 

12 

1900 

1820 

1910 

1830 

6 
19 

1913 

1840 

_ 

a  Estimated. 


Digitized  by  VjOOQIC 


WATEBBUBY.  68 


TOPOGRAPHY. 


The  town  extends  across  Naugatuck  Valley  and  its  topography  is 
characteristically  troughlike.  The  highest  elevation — 920  feet  above 
sea  level — is  in  the  extreme  northeast  comer,  and  the  lowest,  about . 
220  feet,  is  on  the  river  where  it  crosses  the  south  boundary.  The 
raDey  floor  ranges  in  width  from  a  few  hundred  feet  at  the  south  line 
to  about  a  mile  in  the  middle  of  the  town,  and  from  its  edges  the 
waDs  rise  abruptly  to  elevations  of  600  and  700  feet  above  sea  level. 

Hancock  Brook,  Steel  Brook,  and  Mad  River  join  Naugatuck  River 
wifliin  the  town. 

WATER-BEABING   FORMATIONS. 

Bedrocks. — Crystalline  rocks  of  three  varieties — Hoosac  (*' Hart- 
land  ^^  schist,  Waterbury  gneiss,  and  Thomas  ton  granite  gneiss, 
(p.  9) — comprise  the  bedrocks  underlying  the  town.  These  rocks 
appear  at  the  surface  on  the  steep  slopes  in  the  south  and  east 
parts  of  the  town  and,  except  in  the  bottom  of  the  valley,  they  are 
nowhere  thickly  covered  by  drift.  The  occurrence  of  water  in  crys- 
talline rocks  is  discussed  on  page  17. 

Glacial  drift. — ^In  the  upland  parts  of  Waterbury  the  rock  cover  con- 
ssts  of  till  or  bowlder  clay  (p.  10)  ranging  in  thickness  up  to  75  feet 
or  more.  On  the  flat  lands  along  Naugatuck  River  the  deposits  are 
stratiGed  and  reach  a  thickness  of  over  100  feet  in  some  places,  as 
indicated  by  the  log  of  a  well  drilled  in  the  middle  of  the  valley  just 
south  of  the  city,  which  reached  bedrock  at  a  depth  of  111  feet  below 
the  surface.  (See  No.  5,  p.  67.)  The  distribution  of  stratified  and 
onstratified  drift  is  shown  on  Plate  III.  The  occurrence  of  water 
in  unconsolidated  deposits  is  discussed  on  page  11. 

SURFACE-WATER   SUPPLIES. 

Water  power  is  used  in  manufacturing  plants  on  Naugatuck  and 
Mad  rivers.  Several  reservoirs  belonging  to  the  city  waterworks  are 
in  the  town  east  of  the  river,  as  indicated  on  the  map  (PI.  III). 

GROUND-WATER  SUPPLIES. 

The  average  depth  of  the  water  table  below  the  surface  of  the 
ground,  as  determined  by  measurement  of  22  representative  dug 
^eDs,  is  13  feet.  (See  table,  p.  66.)  These  wells  range  in  depth  from 
7.1  to  39.9  and  average  20  feet,  the  depth  to  water  ranging  from  3.5 
to  32.2  feet.  The  annual  fluctuation  of  the  water  table  in  one  of  the 
weHa  was  reported  to  be  about  13  feet.  The  average  fluctuation, 
however,  probably  does  not  exceed  8  feet,  taking  into  consideration 
the  lowland  areas  in  which  changes  in  ground-water  levels  are  rela- 
tively small. 

98200*— wsp  397—16 5 
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Ei^t  drilled  wells  that  were  examined  range  in  depth  from  55  to 
550  feet  and  average  175  feet.  The  yields  reported  for  six  of  these 
range  from  4  to  60  gallons  a  minute  and  average  16  gallons.  Detailed 
information  in  r^ard  to  these  wells  is  tabulated  on  page  67. 

The  city  water  system  extends  to  nearly  all  parts  of  the  town  and 
consequently  there  is  little  need  for  private  dug  wells.  Drilled  wells, 
however,  are  used  by  manufacturing  companies  to  furnish  water  for 
drinking  and  for  some  special  purposes  in  manufacturing,  and  they 
are  used  also  in  some  parts  of  the  city  at  higher  elevations  than  those 
at  which  city  water  is  eflFectively  deUvered.  AU  wells  are  drilled  into 
bedrock,  even  those  located  in  the  river  valley,  where  the  stratified 
stream  deposits  are  more  than  100  feet  thick. 

No  attempt  is  made  to  obtain  suppUes  from  the  drift  itself  because 
the  till  deposits  are  too  thin  and  compact  to  furnish  adequate  suppUes, 
and  it  is  the  popular  belief  that  the  water  in  the  gravels  near  the  river 
is  contaminated.  The  problem  of  utilizing  the  imderflow  of  the 
Naugatuck  Valley  is  discussed  on  page  23. 

Analyses  of  the  water  of  three  drilled  wells  in  Thomaston  are 
given  in  the  subjoined  table;  the  numbers  refer  to  the  descriptions 
of  the  wells  in  the  record  on  pages  66  and  67.  Comparison  of  the 
analyses  illustrates  the  diflference  in  composition  likely  to  be 
encountered  in  ground  waters  from  fractured  crystalline  rocks. 

Analyses  of  tvaUrfrom  drilled  welU  in  Thomaston, 
(Ptrto  per  mllliaiL    Samples  collected  Jtme  24, 1916;  R.  B.  Dole,  analyst.] 


No.  on  map.* 

Iron  (Fe). 
2.9 

Carbonate 
radicle 
(CO,). 

Bicarbon- 
ate radicle 
(HCO,). 

Sulphate 
ramcle 
(8O4). 

Chlorine 
(CI). 

Total  hard- 
ness as 
CaCO.. 

Total  soUds 
at  ISO*  C 

15 

0.0 
.0 
.0 

4.9 

48 
18 

44 

34 

20 

42 

8.2 
6.8 

94 

84 
33 

*302 

19 

30 

.2 
1.5 

109 
99 

n  See  Plate  III,  in  pocket;  also  record  of  wells  on  p.  66. 


b  Much  organic  matter  present. 


PUBLIC  WATER   SUPPLY. 

The  city  engineer  reported  that  the  works  include  three  reservoirs, 
two  of  which,  Wigwam  and  Morris  reservoirs,  on  West  Branch  of 
Naugatuck  River,  have  areas  of  105  and  150  acres  and  capacities  of 
750,000,000  and  2,000,000,000  gallons,  respectively.  The  water  is 
supplied  to  about  70,000  people,  the  average  daily  consumption  being 
about  7,500,000  gallons.  The  Morris  reservoir  was  begun  in  1909 
and  was  practically  complete  at  the  close  of  1913.     (See  PL  III.) 

The  average  condition  of  the  water  of  Fenn  and  Morris  brooks  at 
Waterbury  is  indicated  in  the  following  table,  which  gives  the  aver- 
ages of  tests  of  36  samples  from  each  source  examined  by  the  State 
Board  of  Health  between  1898  and  1901. 
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Sooroe. 

Cokr. 

Total  solids 
atlOO-C. 

Organic 

and  volatile 

matter. 

Total  hard- 
ness as 
CaCOa. 

Chlorine. 

FmBrooJc 

43 
S2 

48 
48 

14 
13 

11 
15 

1.7 

Morii  Brook 

2.3 

«  Compaed  from  annaal  reports  of  the  State  Board  of  Health  of  Conneoticat,  1898-1901. 

According  to  Baker  *  the  Waterbury  waterworks  were  built  by  the 
dtyin  1868,  and  an  additional  supply  was  introduced  in  1895.  The 
supply  is  obtained  from  East  Mountain  Brook  and  West  Branch  of 
Siugatuck  River.  For  the  fiscal  year  ending  December  31,  1895, 
thm  is  reported  38  miles  of  mains,  4,023  taps,  270  meters,  and  230 
poblic  and  50  private  hydrants;  and  the  consumption  is  given  as 
4,000,000  gallons. 

The  census  report  for  1911  gives  the  following  financial  data  for 
1911: 

[         Revenue  receipts $203,952 

Payments  for  expense 32, 133 

Paymentfl  for  outlays 320, 624 

,         Vaiae  of  land,  building,  and  equipment 2, 791, 720 

Debts  incurred 1,660,000 

I  The  following  statement  in  regard  to  future  developments  is  quoted 
from  the  annual  report  of  the  city  engineer  of  the  city  of  Waterbury 
for  the  year  1912  (p.  26): 

Daring  the  winter  of  1911-12  some  surveying  was  done  on  a  proposed  reservoir  above 
t^  (me  (Morris)  now  being  constructed.  It  was  determined  that  such  a  reservoir 
ooold  be  made  in  the  valley  of  Pitch  Brook,  which  with  a  depth  of  water  of  90  feet 
vtmld  store  about  1,200,000,000  gallons  and  have  an  area  of  about  100  acres. 

fiorings  were  made  at  an  assumed  site  for  a  dam,  and  ledge  was  located  all  across 
^  valley.  Conditions  favor  the  same  tyi)e  of  construction  as  is  being  used  at 
Morris  dam.  These  surveys  wUl  probably  be  completed  this  winter  and  more  accurate 
iBJonnation  obtained. 

Doring  the  past  year  the  city  has  again  very  narrowly  escaped  a  water  famine, 
krjentatuig  restrictions  which  were  highly  uncomfortable  and  inconvenient.  For- 
tntttely  the  immediate  future  will  be  free  from  these  unpleasant  experiences  due 
to  the  bringing  into  use  of  Morris  reservoir.  The  question  to  be  considered,  however, 
^  for  bow  long  this  increased  supply  will  continue  to  be  ample,  and  whether  the 
nAatroction  of  still  another  storage  reservoir  ought  not  to  be  undertaken  in  1914, 
QiUDediately  after  the  completion  of  this  one. 

In  a  report  to  the  board  of  aldermen,  dated  October  7,  1912,  by  a  committee 
appointed  by  that  body,  figures  were  presented  showing  conclusively  that  the  West 
BoDQch  watershed  could  fill  another  such  reservoir,  even  in  a  year  of  minimum 
oinfall.  It  was  also  pointed  out  that  the  city  was  growing  rapidly;  that  the  con- 
'UDptbn  of  water  woiild  increase  from  other  causes  as  well  as  on  account  of  such 

1  Baker,  N.  M.,  The  manual  of  American  waterworks,  p.  83, 1897. 
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growth;  that  it  was  very  important  for  Waterbury  to  have  reservoir  capacity  some 
years  ahead  of  its  actual  needs  and  that  the  construction  of  reservoirs,  including 
preliminary  engineering  studies,  the  removal  of  legal  obstacles,  etc.,  takes  several 
years. 

Tlie  conclusion  reached  by  the  committee  was  that  a  third  reservoir  on  the  Wec^ 
Branch  watershed  could  wisely  be  undertaken  as  soon  as  Morris  reservoir  is  com< 
pleted.  If  such  construction  is  to  begin  in  1914,  it  will  be  necessary  to  undertake 
the  preparation  of  plans  early  in  the  coming  year. 

Assuming  th|it  three  reservoirs  are  built  on  the  West  Branch  with  a  c(»nbined 
storage  of  nearly  4,000,000,000  gallons,  the  city  will  have  reached  ^e  limit  of  devel 
opment  on  that  watershed.  It  will  then  be  necessary  to  obtain  water  from  some  othei 
source.  For  various  reasons  it  appears  likely  that  the  obtaining  of  rights  to  tak< 
water  from  new  sources  will  hereafter  be  found  increasingly  difficult.  It  would  U 
wise  for  Waterbury  to  give  early  attention  to  this  matter  and  secure  sudi  rights  now, 
without  waiting  until  uigent  necessity  compels  the  acceptance  of  burdenscHne  and 
expensive  conditions. 

RECORDS   OF  WELLS   AND  SPRINGS. 

Infonnation  concerning  the  wells  in  Waterbury  is  presented  m 
the  following  tables.  The  map  referred  to  in  the  first  column  is  Plate 
III,  in  pocket  at  end  of  volume. 

Dug  wells  in  Waterhvxy^  Conn. 


Ownflr. 

Topo- 

gTBDhiC 

position. 

Eleva^ 
tion 

above 
sea 

level. 

Depth. 

Depth 

to 
water. 

Eleva- 
tion of 
water 
table 
above 
see 
level. 

Covor. 

RfloarkB. 

1 

Slope.... 
Slqp«.... 

Hin..... 

Slope.... 
Slope.... 

Flat 

Hill 

HUl 

Slope.... 

Slope.... 

It: 

Slope.... 
Slope.... 
Hlfl..... 
Slope.... 
Slope.... 
SlOT)e.... 
Hiil..... 
Slope.... 
Slope.... 
Slope.... 

Feet. 
600 
630 
670 
626 
655 
570 
670 
900 
730 

655 
475 
600 
600 
600 
520 
620 
450 
615 
490 
530 
300 
260 

Feit. 
28.7 

***i2*6' 
13.4 

*24*7' 
13.0 
19.0 

13.7 
20.4 
7.1 
15.2 
11.8 
24.9 
27.2 
21.2 
39.9 
25.0 
14.8 
30.1 
33.5 

Feet. 
4.3 
9.0 

10.5 
8.7 

12.4 
9.8 

20.0 
4.9 
8.0 

5.5 

9.1 

3.5 

9.8 

6.6 

22.6 

22.0 

15.6 

29.5 

18.6 

4.0 

24.9 

32.2 

Feet. 
696 
621 
659 
621 
643 
660 
660 
896 
722 

649 
486 
496 
690 
403 
497 
496 
434 
485 
473 
526 
275 
228 

Open.... 

Not  used. 
NotiMd. 

Notnsed. 

Flnctoatiao    13 
fitUs. 

Notnsed. 

Not  used. 
Not  used. 

a 

7 

Open.... 
Open.... 
Open.... 

10 

14 

15 

16 

Open.... 
Closed.. 

17 

18 

1^ 

19 

21 

Open.... 
Closed... 
Open.... 

22 

23 

24 

26 

26 

27 

Open.... 
Lattice.. 
Closed... 
Closed... 
Closed... 
Lattice.. 

28 

29 

30 
32 

G.H.Reed 

33 
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So. 


Owner. 


Topo- 
graphic 
posnion. 


Eleva^ 
tion 

above 
sea 

level. 


Depth. 


Diam- 
eter. 


Yield 
minate. 


Coft. 


Remarks. 


aias.DoU 

Mannlteturer's  Foun- 
dry Co. 

Chfl8.Reed 

Henry  Joy , 

John  Joy 

Waterbory  Country 
Club. 

R.  A.Jodd. 

Hany  Waterworth. . . . 

Ptfkltts 


Slope... 
Flat.... 

Slope... 
HID.... 

hhi.... 

HiU.... 

Slope... 
Flat.... 


Slope... 


Feet, 
670 

aeo 

670 
560 
540 
560 

540 
535 


400 


Feet, 

166 

63 
55 


WO(T) 

M0(?) 
91 


216 


JneKes. 
6 
8 

6 
6 
6 


OaUon*. 
5 


at5 


22  feet  to  rock. 
Ill  feet  to  rock. 


75  feet  to  rock;  water 
pumped  from  80 
feet  below  surface. 

8  foet  to  rock:  14  feet 
of  casing  used. 


a  Per  foot. 
Springs  in  Waterburyy  Conn, 


!? 

Owner. 

Topo- 
graphte 
posttion. 

Eleva- 
tion 
above 
tea  level. 

Yield 
mmute. 

Remarks. 

i 

Slope,... 
Slope.... 

Feei, 
560 
515 

::::::::;;;;:::!:::::::: 

Covered;  supplies  horse  trough. 

a  Constant. 
WATBBTOWN. 
POPULATION   AND  INDUSTRIES. 

Watertown  is  in  the  southeastern  part  of  Litchfield  County,  in  the 
Nuigatuck  River  valley.  It  is  reached  by  the  Watertown  branch  of 
the  Naugatuck  division  of  the  New  York,  New  Haven  &  Hartford 
Railroad^  which  has  stations  at  Oakville  and  Watertown,  and  by 
trdley  from  Waterbury.  Post  offices  are  maintamed  at  Oakville 
lad  Watertown.  It  was  separated  from  Waterbury  and  incorporated 
in  1780.     The  area  of  the  town  is  30  square  miles. 

The  population  in  1910  was  3,850.  The  changes  in  population 
from  1782  to  1910  are  shown  in  the  following  table.  The  princi- 
pal industries  are  agricidture  and  the  manufacture  of  silk  thread, 
umbrella  trimmings,  mouse  traps,  and  general  hardware. 


Digitized  by  VjOOQIC 


68  GROUND  WATER  IN   WATBRBURY  AREA,  CONN. 

Population  of  Watertovm,  Conn,,  178$-1910, 


Year. 

Population. 

Increaae. 

Decrease. 

Year. 

PopulAtkm. 

IncraasB. 

DeorvK. 

1782 

2,732 
3,170 
1,622 
1714 
1,439 
1,500 
1,442 

Percent. 

Percent. 

1850 

1,533 
1,587 
1,608 
1,897 
2,323 
3,100 
3.850 

PercemL 

6 

4 

7 

12 

23 

33 

M 

PercenL 

1790 

16 

I860 

1800 

49 

1870 

1810 

6 

1880 

1820 

16 

1800.. 

1830 

4 

1900 

1840 

4 

1910.  . 

TOPOGRAPHY. 

Elevations  in  Watertown  range  from  about  280  feet  to  a  little  over 
1,000  feet  above  sea  level.  The  lowest  point  is  on  Naugatuck  River 
in  the  southwest  comer  of  the  town,  and  the  highest  is  in  the  north- 
west comer,  about  1  mile  north  of  Big  Meadow  Pond.  The  hiDy 
character  of  the  town  and  the  distribution  of  woods  is  shown  on 
Plate  m. 

Naugatuck  River  and  its  west  branch,  which  form  the  east  bound- 
ary of  the  town,  receive  all  the  drainage  except  that  from  a  small 
area  in  the  northwest  which  contains  the  headwaters  of  Pomieraug 
River. 

WATER-BEARING   FORMATIONS. 

I 

Bedrocks. — Crjratalline  rocks  of  two  varieties — ^Waterbury  gneiss 
and  Thomaston  granite  gneiss  (p.  9) — compose  the  rock  floor  of 
Watertown.  They  are  very  dense  in  texture  and  consequently 
poorly  suited  to  furnish  large  quantities  of  water.  But  they  have 
been  intensely  fractured,  and  fissures  which  contain  water  are  suffi- 
ciently numerous  to  aflford  moderate  supplies  to  drilled  wells,  llie 
occurrence  of  water  in  crystalline  rocks  is  discussed  on  page  17. 

Gldcial  drift — ^Till  constitutes  the  rock  cover  in  all  parts  of  the 
town  except  a  narrow  strip  along  Naugatuck  River  where  the  stream 
deposits  are  found.  Till  consists  of  mixtures  of  clay,  sand,  gravel, 
and  bowlders,  and  was  deposited  by  the  retreating  ice  sheets  at  the 
close  of  the  glacial  epoch.  In  some  places  the  till  is  about  100  feet 
thick,  but  in  other  places,  as  shown  on  Plate  III,  the  bedrocks  are 
exposed.     (See  p.  11.) 

GROUND-WATER   SUPPLIES. 

Forty-six  dug  wells,  ranging  in  depth  from  6  to  29  feet  and  averaging 
16  feet,  were  examined.  Depth  to  water  in  these  wells  ranges  from 
2  to  23  feet  and  averages  7  feet.  All  the  wells  pass  through  till  but 
at  least  three  end  in  rock.  Only  four  were  reported  to  go  dry, 
although  seven  of  those  examined  have  been  abandoned. 

Springs  are  numerous  along  the  brooks  and  hillsides  throughout 
the  town,  but  they  are  all  gravity  springs  of  low  yield  and  the  usual 
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metiiod  of  utilizing  the  flow  is  to  dig  a  shallow  well  and  install  a  pump 
or  siphon.  There  has  been  little  drilling  in  Watertown  heretofore, 
bat  it  is  said  that  a  considerable  amount  of  this  work  is  contemplated. 
A  6-inch  well  drilled  for  Albert  Blakesley  to  a  depth  of  118  feet  yields 
2  gallons  a  minute.  It  is  situated  at  an  elevation  of  about  880  feet 
above  sea  level  and  reached  bedrock  at  96  feet  below  the  surface. 
The  records  of  drilled  wells  in  other  towns  of  this  area  will  serve  to 
indicate  the  prospects  for  drilled  wells  in  Watertown,  since  the  occur- 
rence of  water  is  xmiform  throughout  the  area. 

The  following  analysis  represents  a  moderately  mineralized  but 
n&sr  bard  water  containing  almost  no  iron: 

Analyns  ofwaterfrom  dug  well  of  J^  H.  Atwood,  Watertown^  C<mn, 

(Sample  collected  June  24, 1015.    No.  36  in  record  table  (p.  70).    R.  B.  Dole,  analyst.] 

Parts  per 


Silica  (SiOa) 10 

Iron  (Fe) Trace. 

Caldum  (Ca) 32 

Ifagneeiiun  (Mg) 6 

Carbonate  radicle  (CO,) .0 

Bicarbonate  radicle  (HCOj) 60 

Sulphate  radicle  (SO4) 26 

Chlorine  (a) 48 

Total  hardness  as  OaCO, 120 

Total  BoHds  at  180^  C 291 

PUBLIC  WATER  SUPPLY. 

Tlie  Watertown  Water  Co.,  of  which  A.  W.  Wheeler  is  superin- 
tendent, supplies  the  village  of  Watertown.  The  works  include  an 
impounding  reservoir  in  Bethlehem,  22  feet  deep,  with  a  capacity 
rf  20,000,000  gallons,  and  a  distributing  reservoir  holding  500,000 
gaDous.  Water  is  delivered  by  gravity  through  13  miles  of  mains 
imder  pressures  of  40  to  135  poimds.  There  are  53  hydrants  belonging 
to  the  fire  district,  4  private  hydrants,  and  278  service  connections. 
There  about  2,500  consimiers  and  the  average  daily  consumption  is 
estimated  to  be  250,000  gallons.  The  following  financial  statement 
was  furnished: 

Total  cost  of  construction,  estimated $68, 000 

Cost  of  operation,  estimated 2, 361 

Gross  income 6, 200 

Four  meters  are  in  use,  the  rate  being  10  to  40  cents  per  1,000 
gaUons,  but  most  of  the  supply  is  furnished  at  a  flat  rate,  $8  a  year 
being  the  TnininmiTn  charge. 

It  is  said  that  the  present  supply  is  inadequate  and  that  it  is 
occasionally  necessary  to  pump  water  into  the  mains  from  brooks. 
A  sapply  several  times  as  large  as  that  now  available  is  needed. 
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According  to  tests  made  by  the  Connecticut  State  Board  of  Health 
of  12  samples  from  the  city  reservoir  in  1901  the  water  supply  has 
an  average  color  of  57  parts  per  million,  a  total  hardness  of  20  parts, 
and  an  alkalinity  of  23  parts  and  contains  63  parts  of  total  solids,  of 
which  25  parts  is  volatile  matter.^ 

RECORDS   OF   WELLS   AND   SPRINGS. 

Information  concerning  the  wells  and  springs  in  Watertown  is 
given  in  the  following  tables.     The  map  cited  is  Plate  III. 

Dug  wells  in  Watertovm,  Conn. 


Map 
No. 

Owner. 

Topo- 
position. 

Eleva- 
Uon 

above 
sea 

level. 

Depth. 

Depth 

to 
water. 

Bleva. 

tionof 
water 
table 
above 
sea 
level. 

Cover. 

Remarks. 

2 

Slope.... 
Hill..... 
Slope.... 
Slope.... 
Slope.... 

gr:::: 
VT:::: 

HOI 

Slope.... 
Slope.... 
Slope.. .. 
Slope.... 

Hfll 

Slope.... 
Slope.... 
HflL.... 
Slope.... 
Slope.... 
HUl..... 

Hill 

Slope.... 
Hffl..... 

Hfll 

Slope.... 
Slope.... 

Hfll 

Slope.... 
Slope.... 
Hfli..... 

Hfll 

Slope.... 

Hfll 

Hfll 

Hfll 

Slope.... 
Flat!.... 

Hfll 

Slope.... 
Slope.... 
Flat..... 
Slope.... 
Slope.... 
Flat..... 
Slope.... 
Slope.... 

Feet. 
910 
790 
770 
785 
660 
750 
910 
890 
840 
860 
780 
670 
650 
740 
880 
840 
700 
750 
440 
650 
685 
670 
650 
760 
500 
740 
680 
700 
640 
640 
606 
650 
586 
765 
740 
660 
560 
766 
680 
710 
680 
590 
640 
625 
630 
670 
630 

Feet. 
14.1 
19.7 
6.6 
15.6 
17.2 
14.8 
12.8 
10.2 
15.5 
26.8 

''*i3'9' 
11.6 
19.4 

'*'*7.*6* 
18.0 
25.0 
16.6 

*"ii.*9* 

18.9 
22.0 
18.0 
16.3 
25.1 

"'*9.'3* 
16.1 
18.0 
29.0 
17.7 

""ii'6* 

16.7 
17.7 

'  "ii.'i" 

7.0 
10.9 

7.0 
12.5 

*  '17.6* 
17.6 

Feet. 

6.6 

2.8 

.9 

12.9 
6.3 
4.7 
3.2 
4.6 
2.1 
3.0 
7.3 

12.0 
2.9 
3.0 

13.5 

ao 

Feet. 
903 
787 
760 
772 
665 
745 
907 
886 
838 
867 
773 
658 
647 
737 
866 
832 

Closed... 
Open.... 
Closed... 
(^)en.... 
Closed... 
Closed... 
Closed... 
Closed... 
Closed... 
Closed... 
open.... 
Closed... 
Closed... 
Open.... 
Qosed... 
Closed... 
Closed... 

Fafls. 

Not  used. 
Not  used;  lafls. 

NotUMd. 

17  feet  to  rock. 
Depth  to  water  n 

14  feet  to  rock. 
Fafls. 

Use  city  water. 

11  feet  to  rock. 
Not  used. 
Not  used. 

8  feet  square. 

Fafls. 

Not  used. 
Not  used. 

5 
6 

E.  H.  Peck... 

7 

8 

9 

12 

13 
15 

E.  B.  Atwood. 

16 

17 
18 
20 

M.J.Scott.... 
"Ruby  Farms" 

21 

24 

27 

sported. 

28 

29 

14.0 
23.0 
8.4 
8.0 
8.7 
6.0 
8.7 
6.0 
4.7 
9.3 
7.1 
5.8 
4.1 
8.7 
13.0 
17.0 
5.6 
12.0 
6.0 
10.1 
11.6 
8.0 
8.8 
4.0 
7.2 
3.0 
3.7 
7.0 
9.0 
7.6 

736 
417 
642 

en 

661 
646 
751 
684 
735 
671 
693 
634 
536 
696 
637 
668 
759 
728 
654 
660 
743 
672 
706 
676 
583 
637 
621 
623 
661 
612 

30 

ciosed'.V. 

32 

33 

34 

36 

Open..., 
Open.... 
Closed... 
Closed... 
Qosed... 
Closed... 
Closed... 
Open.... 
dosed... 
Closed... 

'ciosedV.l 

cio^V.". 

Closed... 
Open.... 

'ciosedV.l 
Closed... 
Open.... 
Closed... 

dosedV.. 

Ctoiid'.".: 

36 
38 

J.  H.  Atwood. 

39 

40 

41 

42 

44 

45 

48 
49 
50 
52 
53 
55 
58 





59 

63 

64 

65 

66 

67 
68 

Thomas  LflUs. 

69 

71 

*  Comiecticut  State  Board  of  Health  Ann.  Rept.,  1901,  p.  263. 


Digitized  by  VjOOQIC 


WATBBTOWN. 
Drilled  wells  in  Watertown,  Conn. 


71 


Map 

Owner. 

Topo- 
graphic 
posttion. 

Elevation 

above 
sea  level. 

Depth.    Diameter. 

Yield  per 
minute. 

Remarks. 

Zl 

Albert  Blakesley 

HUl 

Slope. . . 
Slope... 

Fiet. 

560 
440 

Fut.        Incha, 
118                6 

(MUm». 
2 

96  feet  to  rock. 

46 

Prerton 

Hmw.  Abbott 

47 

Springs  in  Watertown^  Conn. 


Map 

Owner. 

^^5?^' 

Eleva- 
tion 

above 
sea 

leveL 

T<*m- 
iure. 

Yield  per 
minute. 

Remarks. 

1 

Top  of  5lope.. 

Slope 

Slope 

Feci. 
990 
755 
990 
800 
800 
800 
685 
645 
850 
880 
470 
755 
655 
685 
610 
725 

796 

615 
675 
715 
660 

OdOona. 

Delivered  to  bam  by  ram. 

3 

54* 

a2.5 
a. 5 
ft  3.0 

1 
2 

4 

Not  used;  covered. 

10 

Top  of  slope... 
Slope 

11 

Not  used;  covered. 

14 
19 

E.  B.  Atwood.. 

Foot  of  slope.. 
Foot  of  slope.. 
Slope 

n 

Covered. 

« 

Slope 

» 

Foot  of  slope.. 
Foot  of  slope.. 
Foot  of  slope.. 
Foot  of  slope.. 
Slope 



5  feet  deep;  0.8  foot  to  water;  used. 
Used. 

31 

64* 

.5 

O1.0 

.5 

ftt5 

37 
ft 

J.H.  Atwood.. 

Not  used;  covered. 

SI 

Open. 

54 

RidhflDbM^!!!! 

Sl(»e 

Sft 

Slope 

«Low. 

Delivered  to  house  and  bam  by  grav- 

w 

Top  of  slope... 

Foot  (Aslope.. 
Slope 

ity  through  1,600  feet  of  jpipe. 

m 

siphon. 
No  ovwflow. 

«i 

'% 

«2 

Slope  . 

30 

Slope...'. 

a  Yield  constant 


ft  Yield  varies. 
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GROUKD  WATER  IN  SAN  JOAQUIN  VALLEY, 

CALIFORNIA 


By  W.  C.  MsNDENHALL,  R.  B.  Dole,  and  Herman  Stableb. 


INTRODUCTION. 

By  W.  0.  Mendbnhall. 

devbijOI»:mbnt  op  ikrigation  in  the  southwest. 

The.  agricultural  industry  in  the  southwestern  part  of  the  United 
States  is  peculiar  in  that  within  that  region  consumption  tends  con- 
stantly to  exceed  production.     This  condition  is  due  to  the  large 
areas  of  desert,  which  are  unsuited  for  agricultiu*e  but  support  many 
other  industries.    The  irrigated  land  in  the  11  arid  States,  lying  for 
the  most  part  west  of  the  crest  of  the  Rocky  Mountains,  was  7,254,110 
acres  in  1899,  when  the  Twelfth  Census  was  taken,  and  13,202,889 
^CTes  in  1909,  when  the  Thirteenth  Census  was  taken.     Although 
irrigation  development  has  not  been  so  rapid  since  1909  as  during 
the  preceding  decade,  it  has  nevertheless  continued,  and  large  tracts 
are  added  each  year  to  the  reclaimed  areas  through  the  operation  of 
the  reclamation  act,  the  Carey  Acts,  the  desert-land  law,  and  the 
development  oS  lands  in   private   ownership.    Meanwhile  general 
industrial  expansion  continues,  although  less  rapidly  than  at  earUer 
p^ods,  and  under  the  influence  of  this  expansion  and  the  pressure 
of  population  from  the  East  most  of  the  Western  States  are  making 
important  additions  to  their  population  each  year. 

In  the  States  of  Nevada,  Arizona,  and  New  Mexico  the  mining 
industry  becomes  yearly  of  greater  importance,  and  the  influx  of 
people  engaged  in  it  is  increasing  correspondingly.  The  increase 
in  the  production  of  petroleum  in  California  from  395,000  barrels 
in  1892  to  14,000,000  barrels  in  1902  and  86,450,000  barrels  in  1912 
r^resents  an  amazing  growth  in  an  industry  and  in  the  population 
necessary  to  support  it,  which  in  turn  greatly  increases  the  demand 
for  food  products  and  thus  stimulates  agricultural  development. 
The  grow^  of  trade  with  oriental  eoimtries  and  the  development  of 
the  mineral  resources  of  Alaska  have  resulted  in  great  accessions  to 
the  population  of  the  Pacific  coast  seaports,  particularly  those  about 
San  fSrancisco  Bay  and  Puget  Sound,   and  in  greatly  increased 
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demands  for  food  products.  The  passage  in  1914  of  an  Alaskan  rail- 
road bill  promises  to  increase  the  northern  market  during  the  con- 
struction period  at  least,  and  the  completion  of  the  Panama  Canal 
will  open  eastern  and  European  markets  to  certwi  types  of  Pacific 
coast  products,  to  which  these  markets  are  now  closed.  SouUiem 
California,  as  tiiat  portion  of  the  State  lying  south  of  the  Tehadiapi 
Mountains  is  called,  has  become  established  as  a  playground  for  the 
people  of  the  entire  United  States,  and  of  the  thousands  of  tourists 
who  visit  this  area  each  year  many  become  permanent  residents. 

Of  the  areas  in  the  Southwest  within  which  food  products  for  its 
cities,  its  tourist  centers,  and  its  mining  r^ons  must  be  raised,  the 
largest  and  most  promising  is  the  interior  lowland  known  as  the 
Great  Central  VaDey  of  California.  The  southern  segment  of  this 
lowland,  San  Joaquin  VaUey,  contaLos  about  7,500,000  acres,  of 
which  1,728,975  acres  was  under  irrigation  in  1912(?).  Southern 
California  contains  approximately  a  million  acres  of  land  that  would 
be  cultivable  if  water  were  applied  to  it;  yet  in  this  r^on,  where  the 
water  resources  are  fully  utilized,  perhaps  a  quarter  of  a  million  acres 
are  under  irrigation,  and  the  remaining  area  either  is  nonproductive 
or  yields  a  relatively  low-grade  and  uncertain  crop  through  Uie 
application  of  dry-farming  methods. 

Fiuiihennore,  the  density  of  population  in  the  irrigated  valleys 
south  of  the  Tehachapi  and  the  large  and  rapidly  growing  cities 
there  means  the  consumption  of  practically  all  the  staple  food  prod- 
ucts raised.  Fruits,  especially  the  citrus  varieties,  are  grown  for 
export,  and  in  some  years  more  grain  is  produced  than  is  necessary 
for  local  needs;  but  in  general  the  demand  in  this  area  for  food  sta- 
ples is  in  excess  of  the  local  supply  and  this  condition -will  be  accen-. 
tuated  rather  than  ameliorated  in  the  future. 

Imperial  Valley,  in  extreme  southeastern  California,  is  rapidly 
becoming  a  very  productive  area  through  the  utilization  of  Colorado 
River  water,  and  many  other  sections  might  be  mentioned  whose 
acreage  will  increase  the  total  area  imder  irrigation,  but  all  of  them 
together  are  smaller  than  San  Joaquin  Valley,  which,  with  that  of  the 
Sacramento,  must  become  the  chief  agricultural  district  of  the 
Southwest. 

The  agricultural  development  of  this  valley  is  controlled  by  the 
distribution  of  rainfaU,  the  character  of  the  soils,  and  the  possibility 
of  applying  other  water  than  that  which  reaches  the  valley  as  a  direct 
result  of  precipitation  upon  its  surface.  Its  extreme  southern  end, 
in  the  vicinity  of  Bakersfield,  is  strictly  arid,  the  average  rainfall 
there  being  less  than  5  inches.  Precipitation  increases  gradually 
toward  the  north,  until  at  Red  Bluff,  in  the  northern  end  of  Sacra- 
mento Valley,  the  annual  rainf  aU  averages  25.7  inches.  Intermediate 
areas  receive  an  amount  of  precipitation  intermediate  between  these 
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two  extremes;  but  south  of  San  Francisco  Bay  the  available  records 
indicate  a  rainfall  of  less  than  16  inches,  and  over  the  greater  part  of 
this  area,  of  less,  than  12  inches — an  amount  insufficient  to  insure 
crops,  even  of  grain,  and  entirely  inadequate  for  the  other  diverse 
food  crops  which  a  dense  population  demands. 

The  progressive  increase  in  aridity  from  the  northern  toward  the 
sottth^-n  end  of  the  vaUey  trough  prevails  to  an  equally  marked 
extent  east  of  the  valley,  in  the  mountain  areas  from  which  its  surface 
watas  are  drawn.  The  total  run-off  from  the  Sierra,  according  to 
the  best  available  records,  is  about  12,000,000  acre-feet  annually. 
Of  this  amount,  3,300,000  acre-feet  is  suppUed  by  the  streams  from 
Kings  River  southward  and  8,700,000  acre-feet  by  the  streams  north 
of  Kings  River.  The  combined  drainage  area  of  the  streams  from 
Kings  River  southward  is  4,871  square  miles;  that  of  the  streams 
north  of  Kings  River  is  7,714  square  miles.  That  is,  a  southern  por- 
tion of  the  Sierra,  whose  area  is  nearly  seven-tenths  as  large  as  the 
northern  portion,  yields  but  one-third  as  much  water  in  the  form  of 
stream  discharge.  Hence  in  the  south  end  of  San  Joaquin  Valley 
the  acreage  which  is  irrigable  by  the  use  of  surface  waters  is  very 
much  less  than  that  in  the  northern  end  of  the  valley,  and  the  area 
available  for  development  there  is  correspondingly  greater  than  that 
available  farther  north. 

Tlie  question  of  water  supply  is,  of  course,  not  the  only  one  that 
confronts  those  who  desire  to  see  the  development  of  San  Joaquin 
VaUey  proceed  rapidly,  although  it  is  properly  r^arded  as  the  most 
pressing.  The  quality  of  the  soil,  particularly  with  reference  to  the 
presence  of  hardpan  or  of  alkali,  is  of  the  utmost  importance.  Exten- 
siye  alkaU  areas  exist  along  the  axis  of  the  valley  and  part  way  up  its 
eastern  slope,  especially  at  points  where  the  ground  waters  lie  close 
to  the  surface,  and  hardpans  of  at  least  two  types  underUe  some  of 
the  hi^er  and  otherwise  most  valuable  lands.  These  soil  problems 
are  bcdng  studied  systematically  by  the  soil  experts  of  the  Depart- 
ment of  Agriculture  ^  and  the  reports  that  are  issued  should  be  sup- 
plemented as  rapidly  as  possible,  until  definite  information  as  to  soils 
is  available  for  the  entire  valley. 

The  conditions  abeady  outlined — ^namely,  the  great  actual  and  the 
much  greater  prospective  importance  of  San  Joaquin  Valley  as  an 
agriculturally  productive  center — ^have  led  during  the  last  decade  to 
greatly  increased  interest  in  the  possibility  of  adding  to  the  acreage 
^er  irrigation,  and  hence  to  the  output  in  food  products. 

Irrigation  enterprises,  like  those  based  upon  other  industries,  inva- 
riably pass  through  a  pioneer  stage,  in  which  only  the  most  easily 

1  Upbaoi,  Uacf  H.,  and  HeOeman,  W,  H.,  Soil  survey  of  the  Hanford  area,  California:  U.  8.  Dept. 
^1  Bar.  SoQi,  TlaU  Operatkot  190L  The  reanlts  of  similar  soryeys  are  available  for  areas  about 
Bik«iaild,llodifto,Ti]rlodc,llidin,  Tmno,  PortMsvllle,  and  Stookton. 
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accessible  resources  are  utilized.  In  this  stage  the  land  holdii^s  are 
large,  the  methods  of  application  of  water  are  wasteful,  and  the 
agricultural  output  is  low.  Only  later,  when  the  population  becomes 
much  more  dense  and  the  need  of  greater  output  is  clearly  recognized, 
do  methods  so  improve  that  the  ratio  of  output  to  area,  to  re- 
soiu*ces,  and  to  investment  becomes  such  as  to  satisfy  reasonable 
economic  demands. 

In  southern  California  irrigation  methods  have  been  carried  to  a 
greater  degree  of  refinement  than  in  any  other  section  of  the  United 
States.  When  irrigation  began  there,  during  the  first  third  of  the 
nineteenth  century,  short  crude  ditches  were  constructed  by  which 
the  waters  utilized  were  diverted  from  the  lower  courses  of  the 
streams  to  near-by  lands  upon  which  they  were  turned,  and  the  only 
products  were  grain  and  pastiu*e,  by  which  the  flocks  and  herds  were 
carried  through  the  dry  season.  Such  methods  were  in  vogue  until 
the  late  sixties  and  early  seventies,  when  American  settlers  entered 
the  coimtry  and  attempted  to  utilize  lands  that  had  been  regarded 
as  entirely  worthless.  These  settlers  brought  with  them  capital,  and 
constructed  their  ditches  on  higher  lines  and  in  a  much  better  manner 
than  were  the  old  Spanish  zanjas.  They  applied  water  much  less 
lavishly,  to  larger  areas,  and  with  much  better  unit  results,  and  so  by 
continued  improvements  of  this  type  all  of  the  surface  waters  were 
finally  utilized  to  the  best  advantage.  But  settlers  continued  to 
flock  to  the  r^on,  and  attention  was  then  turned  to  the  imderground 
waters,  which  were  developed  at  first  only  to  supplement  the  surface 
supplies.  Such  reservoir  sites  as  were  available  were  also  filed  upon 
and  made  use  of,  and  eventuaUy  many  enterprises  were  started,  some 
of  which  depended  on  a  combination  of  surface  and  undergroimd 
waters,  and  others  on  imderground  waters  alone.  Still  later  refine- 
ments resulted  in  the  reconstruction  of  many  of  the  old  ditches,  the 
replacement  of  open  canals  by  underground  pipes,  and  the  elimination 
thereby  of  waste  by  seepage  and  evaporation.  In  the  lower  lands 
wells  were  drilled  which  yielded  flowing  water,  and  stream  waters 
which  had  previously  been  utilized  on  these  lower  lands  were  diverted 
to  the  bench  lands,  where  products  of  higher  value  could  be  grown. 

As  a  result  of  this  intensity  of  development  it  is  probable  that  in  no 
area  in  the  United  States  are  the  waters  so  thoroughly  utilized  as  in 
the  region  that  lies  south  of  the  Tehachapi  Moimtains.  In  their  pas- 
sage from  the  moimtains,  where  they  originate  in  precipitation,  to  the 
sea,  where  they  are  lost,  some  portions  of  these  waters  are  used  as 
many  as  eight  times — in  power  plants,  in  irrigation  from  surface 
streams,  and  finally  by  the  recovery  of  that  portion  of  the  surface 
flow  which,  sinking  into  the  alluvial  fans^  augments  the  supply  in  the 
imderground  reservoirs. 
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Much  of  San  Joaquin  VaUey  is  still  in  the  pioneer  stage  of  irri- 
gation development,  depending  almost  exclusively  on  surface  waters, 
and  in  a  large  part  of  the  area  waste  is  great,  over-use  is  the  rule,  and, 
as  a  consequence,  minimum  production  results  from  a  maximmn  use 
of  water.  But  the  pioneer  stage  is  passing.  Ebigineers  trained  in 
more  refined  methods  are  entering  the  region  and  applying  their 
training.  Special  communities,  like  those  about  Portersville  and 
Lindsay,  where  citrus  fruits  are  raised,  have  for  a  decade  or  more  used 
deep  ground  waters,  whose  cost  greatly  exceeds  that  of  surface 
waters  where  the  latter  are  available  in  other  parts  of  the  valley. 
Hus  relatively  high  cost  is  amply  justified,  however,  in  the  citrus 
belt  by  the  great  value  of  the  product 

In  other  parts  of  the  valley,  as,  for  example,  in  the  neighborhood 
of  Corcoran,  capitalists  who  had  profited  in  other  regions  through  the 
i£Be  of  flowing  artesian  waters  have  undertaken  to  develop  colonies  by 
utilizing  waters  of  this  type,  whose  existence  had  been  proved  years 
before  by  the  owners  of  large  cattle  ranches,  who  had  put  down  wells 
to  obtain  water  for  stock. 

In  still  other  districts,  as  about  Bakersfield,  Stockton,  and  Fresno, 
isolated  individual  pumping  plants  have  been  installed  within  the  last 
decade,  and  by  their  use  lands  whose  owners  had  been  unable  to 
secure  rights  to  the  limited  supply  of  surface  waters  have  been 
brought  within  the  productive  zone. 

INVESTIGATIONS  BY  THE  UNITED  STATES  GEOIiOOICAIi 

SURVEY, 

These  more  or  less  isolated  experiments  and  their  successful  out- 
come have  resulted  in  a  widespread  recognition  of  the  fact  that  the 
lHt)ductivity  of  San  Joaquin  Valley  can  be  greatly  increased  by  the 
utilization  of  the  heretofore  neglected  ground-water  resoiu^ces.  This 
recognition  has  been  followed  logically  by  a  desire  for  specific  infor- 
mation as  to  the  quaUty,  occurrence,  accessibility,  character,  and 
proper  use  of  waters  of  this  type. 

In  response  to  this  demand  the  Geological  Survey  and  the  Recla- 
mation Service  began  a  study  of  the  ground-water  resources  of  the 
valley  in  1905.  This  work  was  continued  as  funds  became  available 
in  1906  and  1907  by  the  engineers  and  geologists  of  the  Survey,  and 
in  1908  a  preliminary  report  ^  was  issued.  The  plan  at  that  time  in 
mmd  was  to  supplement  the  preliminary  statistical  study  of  devel- 
opments by  more  comprehensive  work  on  the  geological  conditions 
controlling  the  distribution  and  circulation  of  the  ground  waters,  by 
a  careful  field  reconnaissance  of  the  chemical  characteristics  of  the 
waters,  since  the  preliminary  work  had  revealed  the  importance  of 

*  MeodnhaU,  W.  C,  ProUminary  report  on  the  groond  waters  of  San  Joaquin  VaUey,  Caliloniia:  U.  S. 
Q«oL  Sunwy  Water-Stqyply  Paper  222, 190S. 
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this  element  in  the  problem,  and  by  a  careful  study  of  pimxping  costs 
mider  various  conditions  as  developed  by  the  experience  of  irrigators 
m  the  valley.  The  pressure  of  work  in  other  directions  has  rendered 
it  impossible  to  carry  out  this  plan  fully.  Further  iSeld  geologic 
studies  have  not  been  possible,  but  the  chemical  reconnaissance  was 
completed  by  R.  B.  Dole  in  the  fall  of  1910,  and  his  report,  long  ready 
for  publication,  is  included  as  a  part  of  this  volume.  Herman  Stabler 
examined  a  large  number  of  pumping  plants  in  the  valley  during  the 
same  season,  and  the  residts  of  his  studies  are  also  included  for  the 
benefit  of  water  users  in  the  valley. 

Certain  detailed  data  omitted  from  Water-Supply  Paper  222  but 
forming  the  basis  of  many  of  the  conclusions  reached  in  it  are 
also  now  published.  The  tables  of  wells  examined  and  their  costs, 
equipment,  and  yields  are  referred  to  especially.  As  a  number  of 
years  have  elapsed  since  the  completion  of  these  tables,  they  do  not 
summarize  the  later  developments.  The  addition  of  later  wells  v^oidd 
add  to  the  mass  of  data  rather  than  alter  the  conclusions  to  be  drawn, 
however,  so  that  their  omission  is  not  considered  to  be  of  great  sig- 
nificance. 

In  the  preparation  of  Plates  I  and  II  the  topographic  and  engi- 
neering map  of  San  Joaquin  Valley  issued  by  the  California  State 
Engineering  Department  in  1886  has  been  used  as  a  foundation. 
Some  additions  and  corrections  have  been  made  as  a  result  of  later 
surveys,  especially  those  made  by  the  United  States  Geological  Sur- 
vey about  Bakersfield  and  along  the  southern  and  western  borders  of 
the  valley,  but  the  earUer  map  has  been  used  substantially  in  its 
original  form  for  the  greater  part  of  the  valley.    On  Plate  I  (in 
pocket)  the  area  in  which  flowing  wells  may  be  obtained  has  been 
outUned  with  as  much  acciu^acy  as  the  information  at  hand  permits. 
Beyond  the  limits  of  the  belt  of  flowing  wells  the  attitude  of  the 
ground-water  plane  has  been  indicated  by  hydrographic  contours 
which  are  based  on  the  elevations  of  the  siuf  ace  as  indicated  by  the 
topographic  sketch  contours  of  the  base  map.    Neither  set  of  con- 
tours is  acciu*ate  in  detail,  but  it  is  believed  that  the  relations  between 
the  two — that  is,  the  depths  to  ground  water  at  various  points — are 
correct  within  a  reasonable  margin  of  error,  so  that  the  map  will  be 
of  practical  value.    It  must  be  remembered,  in  using  this  map,  that 
ground-water  levels  do  not  everywhere  remain  constant.    On  the 
deltas  and  in  the  irrigated  areas  there  is  a  more  or  less  regular  annual 
variation  in  level,  the  plane  of  saturation  rising  during  the  high-water 
period — the  period  of  maximimi  irrigation  in  early  summer — and  fall- 
ing during  the  low-water  period  in  the  autumn  and  early  winter.    In 
the  past  there  has  been  a  marked  permanent  rise  in  the  ground-water 
level  in  areas  to  which  water  has  been  applied  by  the  construction  of 
the  large  canals  of  the  greater  irrigation  systems.    This  rise  still  con- 
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tinues  in  some  localitioB,  to  which  water  has  been  applied  for  a  num- 
ber of  years,  and  it  will  be  marked  in  regions  to  which  canal  systems 
may  be  extended  in  the  futiu^,  although  the  chief  changes  of  this 
character  have  doubtless  ahready  been  brought  about.  In  one  or  two 
limited  localities  there  is  probably  also  a  general  decline  in  groimd- 
water  levels.  It  is  not  possible,  of  course,  to  indicate  a  varying  water 
level  by  a  single  set  of  hydrographic  contours.  Those  used  indicate 
about  the  position  and  form  of  the  water  plane  in  the  period  from 
1905  to  1907. 

GEOGRAPHY  OP  THE  VAIiLBY. 

San  Joaquin  Valley  and  Sacramento  Valley  together  constitute  the 
Great  Central  Valley  of  California,  with  an  area  of  nearly  16,000 
square  miles.  (See  fig.  1 .)  This  level-floored  depression  is  more  than 
500  miles  long  and  varies  from  20  to  50  miles  in  width.  East  of  it  the 
Sierra  rises  to  an  elevation  between  14,000  and  15,000  feet  above 
sea  level,  and  west  of  it  the  lower  Coast  Ranges  separate  it  from  the 
Pacific.  The  greatest  elevation  of  the  Sierra  is  near  its  eastern  edge 
and  all  its  important  drainage  is  westward  toward  the  Great  Valley, 
an  important  fact  upon  which  the  greater  part  of  the  actual  and 
prospective  agricultural  value  of  the  valley  depends.  The  Coast 
Ranges  are  a  series  of  parallel  ridges  of  moderate  elevation  that  in- 
close valleys,  like  those  of  the  Salinas  and  Santa  Clara,  which,  when 
not  too  arid,  are  highly  productive. 

The  Great  Valley  itself  exhibits  little  diversity  in  its  physical  aspect. 
Such  differences  as  exist  between  its  north  and  south  ends  are  cli- 
matic, or,  if  physical,  are  directly  due  to  climatic  differences.  Among 
local  physical  features  based  upon  climatic  differences  may  be  men- 
tioned the  Tulare  basin  at  the  south  end  of  San  Joaquin  Valley. 
The  basin  is  due  to  the  aridity  of  the  region  and  the  consequent  exten- 
sive development  of  alluvial  fans.  Two  of  these,  extending  from 
Kings  River  on  the  east  and  Los  Gates  Creek  on  the  west  side  of  the 
Talley,  have  coalesced  in  a  low  ridge  south  of  which  lie  the  Tulare 
Lake  and  Kern  Lake  depressions.  Basins  different  in  character  and 
sitaation,  but  originating  nevertheless  in  climatic  conditions,  are  the 
overflow  basins  of  the  Sacramento  and  the  lower  San  Joaquin  valleys, 
of  which  the  Yolo  basin  may  be  mentioned  as  a  type.  These  basins 
occupy  the  lowest  portions  of  the  flood  plains  just  outside  the  ridges 
that  form  the  immediate  river  banks. 

The  central  valley  opens  to  San  Francisco  Bay  and  thence  to  the 
Pacific  through  Carquinez  Straits  and  the  Golden  Gate,  and  the  com- 
bined drainages  of  the  Sacramento  and  San  Joaquin  systems  dis- 
charge through  these  gateways.  Other  passes,  like  the  Tehachapi, 
the  Tejon,  and  Walker  Pass  near  the  south  end  of  San  Joaquin  Valley 

and  the  Livermore  Valley  gateway  near  Carquinez  Straits,  extend 
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across  the  mountain  barriers  that  surround  the  central  lowland,  but 
they  are  not  so  low  nor  so  pronounced  as  the  central  tidal  gateway. 
In  general  it  may  be  said  that  the  Great  Valley  is  completely  inclosed 
except  for  this  opening. 


FiQURK  1.— Index  map  showing  location  of  San  Joaquin  Valley  (shaded  area). 

The  larger  lobe  of  the  central  depression,  extending  southward 
from  Cosumnes  River  and  Suisun  Bay,  is  generally  known  as  San 
Joaquin  Valley,  although  it  is  not  all  drained  directly  by  San  Joaquin 
River  and  its  tributaries.  The  southern,  more  arid  third  of  the  de- 
pression, extending  from  Kings  River  delta  to  Tehachapi  Mountains, 
has  no  surface  outlet  under  normal  conditions,  and  the  surplus  surface 
waters  accumulate  in  the  Tulare  Lake  depression  and  Buena  Vista 
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rB8eiToir.  Origmally  Kem  Lake  received  a  portion  of  the  excess 
fram  £em  River,  but  through  the  protection  afforded  by  a  restrain- 
ing dike  water  is  kept  out  of  it  except  when  unusual  floods  break 
the  restraining  dam.  The  original  lake  bottoms  have  now  become 
Taluable  wheat  lands. 

The  stareams  that  drain  into  the  valley  from  the  Sierra  carry  prac- 
tically all  of  the  water  that  reaches  it.  They  are  in  every  way  more 
important  than  those  that  enter  it  from  the  west.  They  have  larger 
drainage  basins,  individually  and  collectively;  they  have  longer 
ojurses;  and  they  flow  from  higher  mountains,  with  a  much  greater 
rainfall  and  a  better  protective  covering  of  forest  and  brush;  hence 
their  dischai^  is  many  times  greater  and  much  less  erratic  than  that 
of  the  west-eide  streams. 

The  total  drainage  area*  tributary  to  the  valley  from  the  Sierra 
is  16,089  square  miles;  from  the  Tehachapi  and  Coast  ranges  4,293 
aquare  miles;  and  the  area  of  the  valley  floor  is  11,513  square  miles. 
The  total  area  of  the  San  Joaquin  basin  is  therefore  31,895  square 
miles. 

The  average  run-off  of  the  principal  east-side  streams  north  of 
Kings  River,  with  a  combined  drainage  area  of  7,714  square  miles,  is 
about  8,700,000  acre-feet,  while  that  of  Kings,  Kaweah,  Tule,  and 
Kem  rivers,  discharging  into  the  Tulare  basin  from  a  watershed  with 
an  area  of  4,871  square  miles,  is  about  3,300,000  acre-feet.  The  total 
discharge  into  the  valley  from  12,585  square  miles  of  Sierra  water- 
shed is  therefore  about  12,000,000  acre-feet. 

The  preponderance  of  east-side  streams  has  given  the  valley  floor 
its  well-marked  imsymmetrical  form.  The  valley  axis,  the  line  of 
lowest  depression,  is  throughout  much  nearer  the  western  than  the 
eastern  foothills.  In  places  it  lies  against  these  hills,  but  elsewhere, 
as  between  Los  Gatos  and  Cantua  creeks,  the  west-side  slopes  are 
15  or  18  miles  wide,  at  least  one-half  as  wide  as  those  of  the  east  side. 
They  are  also  steeper  than  those  of  the  east.  Grades  of  20  or  even 
40  feet  to  the  mile  are  not  rare,  and  it  is  imusual  for  the  grades  to 
he  less  than  6  or  8  feet  per  mile.  On  the  cast  side  30  feet  to  a  mile 
is  about  the  maximum  gradient,  while  5  feet  or  less  is  perhaps  the 
average. 

These  conditions  are  due  directly  to  the  fact  that  the  valley  floor 
has  been  built  up  by  the  aUuvial  material  eroded  by  the  streams 
from  the  mountains  east  and  west  of  the  depression  and  deposited 
in  it.  The  larger  and  more  active  streams  build  flatter  but  more 
extensive  alluvial  fans — the  type  that  makes  up  the  east-side  slopes; 
the  more  erratic  and  torrential  streams  of  smaller  voliune  build  the 
steeper  and  less  extensive  fans  that  constitute  the  west-side  slopes. 

<HiIl,W.H.,  Physical  data  and  statistics  of  CaUfbmia,  pp.  386  etaeq.,  StatoEnf.  Dept.  Calilomia,  1886, 
88205'— W8P  3»8— 16 2 
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GEOIjOaiC  OUTIilNB.* 
BOCKS  OF  THB  BOBDBB  OF  THB  VALLBY. 

In  simplest  outline,  the  geology  of  the  eastern  border  of  San 
Joaquin  Valley  consists  of  the  '^ Bedrock  series"  of  granites  and 
metamorphic  sedimentary  and  igneous  masses  of  pre-Oretaceons  age, 
overlain  at  the  north  and  south  ends  of  the  valley  in  an  interrupted 
band  occupying  a  zone  of  low  relief  between  the  Sierra  proper  and 
the  valley  proper  by  a  series  of  Tertiary  sediments,  entirely  unaltered 
and  including  beds  as  old  as  the  Ek>cene,  although  the  great  body  of 
the  material  seems  to  be  Miocene  or  PUocene  in  age.  Between  San 
Joaquin  River  and  PortersviUe  this  zone  of  late  sediments  is  missing, 
and  the  sands  and  gravels  of  the  valley  proper  lie  upon  the  flanks  of 
the  granites  and  the  metamorphic  complex.  Because  of  this  hiatus 
the  east-side  Tertiary  is  separated  into  two  bodies,  of  which  the 
northern  extends  from  Fresno  River  nearly  to  the  Cosimmes,  and  the 
southern,  conveniently  designated  as  the  Bakersfield  area,  extends 
from  Deer  Creek  to  CafLada  de  las  Uvas. 

The  northern  area  of  Tertiary  rocks,  which  is  chiefly  in  the  Milton- 
Merced  regions,  includes  a  lower,  clayey  series  that  has  been  called 
the  lone  formation,  a  middle  zone  of  andesitic  sandstone,  coarse 
volcanic  breccias,  and  tuffaceous  beds,  and  an  upper  gravelly  series 
that  is  in  places  auriferous.  This  upper  series  usually  occurs  along 
the  most  westerly  foothills  and  merges  at  niany  points  with  the 
gravels  and  soils  of  the  vaUey  floor. 

The  southern  area  consists  of  alternating  beds  of  soft  sandstone, 
clay,  and  gravel,  the  uppermost  beds  being  coarse,  like  those  of  the 
northern  area,  and  scarcely  distinguishable  in  some  places  from  the 
alluviiun  of  the  valley  itself. 

The  geology  of  the  western  margin  of  the  valley  contrasts  in  many 
ways  with  that  of  the  eastern  border.  The  oldest  rocks  of  the  Mount 
Diablo  Range — the  easternmost  of  the  coast  ranges — comprise  a 
series  of  altered  igneous  and  sedimentary  rocks  of  Jurassic  (?)  age 
known  as  the  Franciscan  formation,  which  extends  along  the  axis  of 
the  range  from  a  point  southwest  of  Coalinga  to  San  Francisco  Bay. 
Overlying  them  on  the  valley  side,  but  not  continuously,  is  a  series 
of  sandstones,  shales,  and  conglomerates  of  Cretaceous  and  earliest 
Tertiary  (Eocene)  age.  Succeeding  these  in  turn  is  a  variable  series, 
locally  of  great  thickness  and  usually  but  not  always  present  in  some 
of  its  members,  representing  the  middle  and  upper  Tertiary.  These 
rocks,  Uke  the  older  sediments  beneath  them,  are  sandstones,  shales, 
and  conglomerates,  but  usually  they  are  less  firmly  indurated  than 
tho  Eocene  and  Cretaceous  rocks.  They  overhe  the  latter  uncon- 
f ormably  and  contain  many  unconformities  within  themselves,  with  a 

1  Abstract  from  a  manuscript  by  H.  R.  Johnson,  on  the  geology  of  the  borders  of  San  Joaquin  Valley. 
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rasnltrng  yariability  in  thickness  and  irregularity  in  extent  of  indi- 
vidual beds.  This  series  contains  the  siliceous  shales  generally 
spoken  of  in  literature  as  the  Monterey,  besides  a  great  variety  and 
abundance  of  sandstones  and  conglomerates.  Toward  the  top  of  the 
series  are  beds  that  clearly  represent  fresh  water  or  subaerial  deposi- 
tion, undoubtedly  much  like  tiiat  which  is  now  taking  place  in  Tulare 
Lake  and  in  the  west-side  alluvial  fans.  As  a  whole  the  sedimentary 
series  dips  toward  the  valley,  although  interruptions  like  the  anti- 
cline of  the  Kettleman  and  McKittrick  hills  in  places  vary  the  pre- 
vailing monoclinal  dips.  In  general  the  structures  of  the  valley 
Ixnder  are  more  complex  at  the  south  end  than  along  the  middle 
portion  and  at  the  north. 

The  valley  as  a  whole  is  a  great  structural  trough  and  appears  to 
have  been  such  a  basin  since  well  back  in  Tertiary  time.  Since  it 
assumed  its  general  troughlike  form,  gradual  subsidence,  perhaps 
interrupted  by  periods  of  uplift,  has  continued  and  has  been  accom- 
panied by  deposition  alternating  at  least  along  what  is  now  its 
western  border  with  intervals  of  erosion.  This  interrupted  but  on 
the  whole  continuous  deposition  seems  to  have  been  marine  during 
the  early  and  middle  Tertiary;  but  during  the  later  Tertiary  and 
Pleistocene,  when  presmnably  the  valley  had  been  at  least  roughly 
outlined  by  the  growth  of  the  Coast  Ranges,  fresh-water  and  terrestrial 
conditions  became  more  and  more  predominant,  until  the  relations 
of  land  and  sea,  of  rivers  and  lakes,  of  coast  line  and  interior,  of 
mountain  and  valley,  as  they  exist  now,  were  gradually  evolved.  As 
these  conditions  developed,  the  ancestors  of  the  present  rivers 
probably  brought  to  the  salt  and  fresh  water  bodies  that  occupied 
the  present  site  of  the  valley  and  its  borders,  or,  in  the  latest  phases 
of  the  development,  to  the  land  surface  itself,  the  clays,  sands, 
gravek,  and  alluvium  that  subsequently  consolidated  into  the  shales, 
sandstones,  and  conglomerates  of  the  late  Tertiary  and  Pleistocene 
series,  just  as  the  present  rivers  are  supplying  the  alluvium  that  is 
even  now  accumulating  over  the  valley  floor. 

Hie  very  latest  of  these  accumulations  are  the  sand  and  silt  and 
gravel  beds  penetrated  by  the  driller  in  his  explorations  for  water 
throughout  the  valley.  They  are  like  the  early  folded  sandstones, 
"ihales,  and  conglomerates  exposed  along  the  flanks  of  the  valley, 
except  that  they  are  generally  finer,  and  are  not  yet  consolidated  or 
disturbed.  The  greater  part,  perhaps  all  of  them,  accumulated  as 
stream  wash  on  the  valley  surface  or  in  interior  lakes  like  the  present 
Tulare  Lake,  but  a  proportion  of  the  older  sediment  that  is  greater  as 
we  delve  farther  back  into  the  geologic  past  accumulated  in  the  sea 
or  m  salt  bays  having  free  connection  with  the  sea.  It  is  these  very 
latest  geologic  deposits,  saturated  below  the  ground-water  level  by 
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the  fresh  water  supplied  chiefly  by  the  Sierran  streams,  that  con- 
stitute the  reservoirs  drawn  upon  by  the  weUs,  whether  flowing  or 
pumped,  throughout  the  valley. 

The  chemical  composition  of  the  ground  waters,  as  well  as  their 
occurrence  and  accessibiUty,  is  related  to  the  geology.  Where  the 
valley  alluvium  is  derived  from  the  Cretaceous  and  Tertiary  beds  of 
the  coast  ranges,  rich  in  gypsum  and  other  readily  soluble  minerals, 
the  ground  waters  contain  large  quantities  of  the  salts.  Where,  on 
the  other  hand,  the  alluvium  is  derived  from  the  granites  and  meta- 
morphic  rocks  of  the  Sierra,  whose  potassium,  sodium,  and  calcium 
compounds  are  in  the  form  of  diificultly  soluble  silicates,  the  ground 
waters  imder  ordinary  conditions  contain  very  little  of  these  salts. 

Obviously  if  the  sands  and  gravels  through  which  the  ground 
waters  percolate  were  deposited  under  such  conditions  that  salts 
were  deposited  with  them,  as  in  the  salt  water  of  the  sea  or  of  bays 
like  San  Francisco  Bay,  or  in  interior  lakes  that  are  saline  through 
evaporation,  as  is  true  of  Tulare  Lake,  then  the  ground  waters  them- 
selves will  quickly  become  saline,  although  when  they  leave  the 
mountains  as  surface  waters,  before  their  absorption  by  the  alluvial 
fans,  they  may  be  as  pure  natural  waters  as  are  known  in  the  world. 

OBIGIN  OF  THE  PRBSENT  SUBFAOB  OF  THE  VALLEY. 

The  lowland  through  the  heart  of  California  known  as  the  Great 
Valley,  whose  origin  as  a  depression  appears,  in  accordance  with  the 
facts  just  outlined,  to  date  well  back  into  Tertiary  time,  owes  its 
actual  surface  to  more  recent  action  and  to  more  obvious  agents. 
That  surface  is,  in  brief,  a  combination  of  the  surfaces  of  a  great 
number  of  alluvial  fans,  originating  at  the  mouths  of  the  canyons 
through  which  the  tributary  streams  discharge  from  the  moimtains 
into  the  valley. 

Each  stream  that  enters  the  valley  brings  with  it  from  the  moun- 
tains a  greater  or  a  smaller  quantity  of  sand,  gravel,  or  bowlders. 
All  or  a  part  of  this  burden  is  deposited  in  the  valley,  and  the  deposit 
constitutes  the  alluvial  fan  of  that  particular  stream.  The  apex  of 
.each  fan  is  the  mouth  of  the  stream  canyon.  From  this  apex  it 
broadens  and  flattens  until  it  coalesces  at  its  periphery  with  other 
fans.  The  stream  that  built  it  usually  spreads  delta-wise  over  it, 
discharging  through  a  number  of  diverging  channels  into  the  trough 
of  the  valley.  As  a  rule  these  spreading  distributaries  flow  upon  the 
surface  of  the  fan,  but  some  of  the  major  streams  from  the  San 
Joaquin  northward  are  incised  into  the  valley  floor  in  trenches 
100  feet  or  less  in  depth.  This  must  be  due  to  special  conditions, 
such  as  recent  change  in  volume  of  stream  flow  or  in  elevation  of 
the  land  relative  to  the  sea — conditions  not  yet  understood. 
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Hie  fans  of  different  portions  of  the  valley  indicate  by  their  mass 
and  fonn  the  conditions  of  volume  and  distribution  of  rainfall  under 
which  they  originated.  The  west-side  fans,  particularly  those  in 
the  middle  of  the  valley  and  near  its  southern  end,  are  steep  and 
sjmmetricaly  forms  characteristic  of  areas  of  low  rainfall  very 
irregnlaily  distributed.  The  east-side  fans  are  of  much  greater  mass 
&iKi  lower  slope  because  the  rivers  that  built  them  have  a  greater 
flow  of  somewhat  less  insular  character.  The  Eem  River  fan  has 
grown  westward  against  the  McKittrick  hills  until  it  has  isolated  the 
Baena  Vista  basin  south  of  it.  Before  dams  had  been  built,  inter- 
teriBg  with  the  natural  conditions  here,  a  shallow  lake  occupied  the 
present  site  of  Buena  Vista  reservoir  and  the  old  bed  of  Eem  Lake, 
and  during  seasons  of  unusual  rainfall  there  was  overflow  northward 
toward  Tulare  Lake.  The  basin  occupied  by  Tulare  Lake  is  likewise 
dae  to  the  aridity  of  the  valley  and  the  consequent  development  of 
Kings  River  and  Los  Gatos  Creek  fans.  South  of  the  low,  broad 
ridge  due  to  the  coalescing  of  these  two  fans  is  the  Tulare  basin,  in 
whk^  a  part  of  the  surplus  water  of  the  streams  south  of  it  accumu- 
lates. As  a  consequence  of  the  flatness  of  this  basin  and  the  very 
erratic  character  of  the  supply  that  reaches  it,  the  lake  fluctuates 
widdy  in  area  during  a  series  of  years. 

Northward  from  Tulare  Lake  basin  the  discharge  of  the  streams  is 
sufficiently  great  and  sufficiently  constant  to  prevent  the  formation 
of  delta-dams  like  those  formed  by  Kings  River  and  Los  Gatos  Creek 
fans,  and  an  open  channel  is  maintained  from  the  San  Joaquin  north- 
ward to  Suisun  Bay. 

Along  the  lower  course  of  the  San  Joaquin,  conditions  resemble 
those  in  Sacramento  Valley — that  is,  they  are  the  conditions  usual 
^Dg  rivers  draining  humid  rather  than  arid  r^ons.  Large  areas 
^fe  subject  to  regular  annual  inundation  during  the  spring  floods  or 
&re  protected  from  this  inundation  only  by  artificial  levees.  The 
greater  part  of  the  water  that  inimdates  this  area  is  suppUed  by  the 
Saoumento  system,  but  the  greatest  overflow  occurs  when  the  floods 
appear  in  the  two  systems  at  the  same  time. 

The  essential  fact  as  to  the  present  valley  surface  is  that  it  is  a 
direct  result  of  stream  action.  It  has  everywhere  been  built  up  by 
depositbn  from  the  streams  or  from  the  fluctuating  lakes  that  are 
themselves  dependent  upon  the  streams;  and  it  is  formed  of  materials 
brought  by  the  streams  from  the  mountainous  portions  of  their 
<lraiiiage  basins  where  they  are  eroding  instead  of  depositing. 
Throughout  the  south  end  of  the  valley  its  surface  is  a  combination 
of  alluvial  fan  surfaces;  at  the  north  end  of  the  valley  these  fans, 
lees  strikingly  and  typically  developed  because  of  the  greater  pre- 
cipitation there,  still  predominate  along  the  valley  borders,  while  the 
center  of  the  valley  is  a  flood  plain  of  the  usual  type. 
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soUiS. 

As  the  valley  surface  has  been  molded  by  stream  action  into  its 
present  form,  so  the  soils  of  the  valley  represent  deposition  by  the 
rivers  bf  materials  washed  out  of  the  mountains  from  which  they 
drain.  This  soil  is  modified  in  various  ways  after  the  streams  have 
deposited  it — by  disintegration  of  the  rock  particles  where  the 
streams  have  left  them,  by  the  mingling  of  the  products  of  v^etal 
decay  where  vegetation  is  abundant,  or  by  chemical  processes  in 
place,  such  as  the  formation  of  hardpans  or  the  accumulation  of 
alkalies;  but  the  soil  foimdation,  so  to  speak,  reflects  pretty  closely 
the  type  of  rock  outcropping  in  the  drainage  basin  of  the  stream  on 
whose  delta  the  particular  soils  are  found. 

For  example,  the  soils  of  the  deltas  of  Eem  and  Kings  rivers  are  in 
large  part  of  granitic  derivation,  because  granitic  rocks  form  the 
greater  part  of  ths  mountain  drainage  basin  of  each  of  these  rivers. 
Their  coarseness  and  the  distribution  of  the  coarse  and  fine  phases 
are  to  a  certain  extent  matters  of  accident,  due  to  the  location  of 
present  or  past  channels  of  the  streams  across  their  deltas;  but  in 
steep  alluvial  fans  the  coarser  and  more  bowldery  soils  occur  nearer 
the  mountains.  In  the  fans  of  those  east-side  streams  from  the 
Merced  northward,  whose  lower  courses  at  least  are  cut  through  late 
Tertiary  formations  containing  a  large  percentage  of  lavas  and  derived 
products,  other  types  of  soil  result. 

The  west-side  streams,  draining  mountains  practically  free  from 
granites  and  similar  rocks  but  with  soft  serpentines,  shales,  and  sand- 
stones, deposit  fragments  of  those  rocks  in  their  alluvial  fans,  and  the 
result  is  a  soil  type  entirely  different  from  that  of  the  east  side  and 
south  end  of  the  valley.  These  shale,  day,  serpentine,  and  sand- 
stone fragments  disintegrate  much  more  quickly  than  the  granitic 
sands  that  contain  large  proportions  of  such  resistant  minerals  as 
quartz  and  feldspar,  and  the  result  is  the  mellow,  loamy  soil  with  its 
fragments  of  siliceous  shale  that  makes  much  of  the  west  slope  of  the 
valley  and  is  so  productive  whenever  water  can  be  applied  to  it. 

Soil  of  another  general  class  occurs  at  a  few  localities  along  the  east 
side  of  the  valley.  This  soil  is  not  of  alluvial  fan  origin,  brought  into 
the  valley  by  the  streams  from  the  surroimding  mountains,  but  is 
due  to  decay  in  place  of  the  rocks  underlying  the  particular  area 
where  it  occurs.  Soils  of  this  class  are  found  northeast  of  Fresno 
beyond  Qovis,  and  in  some  of  the  coves  like  Clark  Valley  north  of 
Reedley,  and  perhaps  in  other  foothill  valleys  in  the  Portersville- 
Lindsay  district.  Some  of  the  rolling  wheat  lands  found  in  a  zone 
along  the  eastern  border  of  Stanislaus  and  Merced  counties  may  also 
be  regarded  as  derived  from  the  decay  of  rock  in  place  rather  than 
from  inwashed  alluvial  fan  material,  but  as  the  rock  is  itself  a  late 
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Terdarj  sediment  differing  but  little  from  the  alluvial  fan  material 
of  tiie  same  area,  the  classification  of  the  soils  as  residual  rather  than 
coDaTial  has  no  practical  significance. 

Another  type  of  soil  is  neither  more  nor  less  than  fine  beach  sand. 
TbJB  type  is  best  developed  in  a  zone  surrounding  Tulare  Lake,  and 
it  represents  the  shore  lines  of  that  water  body  when  it  contained 
nmd^  more  water  than  at  present.  In  places  this  sand  has  been 
reworked  by  the  wind — ^blown  into  inconspicuous  dunes,  as  in  the 
'Sand  Ridge"  near  the  Kings-Kern  county  line. 

Knally,  there  are  the  soils  of  the  "tule  lands"  and  the  "islands," 
Uie  areas  subject  to  overflow  particularly  along  the  lower  course  of 
the  San  Joaquin  and  its  tributaries,  but  present,  although  less  exten- 
sivdy  developed,  in  other  areas.  These  lands  are  black  loams  or 
adobes  or  impure  peats,  and  when  reclaimed  are  particularly  adapted 
to  certain  classes  of  crops. 

The  Bureau  of  Soils  of  the  Department  of  Agriculture  has  made 
detiuled  surveys  of  certain  areas  in  San  Joaquin  Valley  as  the  begin- 
ning of  a  general  soil  mapping  of  the  entire  valley.  The  sheets 
at  present  available  cover  areas  about  Stockton,  Modesto,  Turlock, 
Madera,  Fresno,  Hanford,  Portersville,  and  Bakersfield.  In  the  text 
of  the  reports  and  in  the  maps  that  accompany  them,  the  soils  are 
daasified  in  great  detail  on  a  physical  basis,  and  by  a  proper  study  of 
this  classification  the  geologic  origin  of  most  of  the  soils  may  be 
traced. 

Another  task  undertaken  by  the  Bureau  of  Soils,  of  even  greater 
immediate  value,  is  the  mapping  of  the  alkalies.^  This  work  is  de- 
signed to  afford  suggestions  as  to  the  management  and  reclamation 
of  alkaU  soils  and  prevention  of  the  rise  of  the  alkalies.  When  it 
has  been  completed  for  the  entire  valley  it  will  be  of  great  service  in 
preventing  sales  of  worthless  lands  to  purchasers  who  buy  in  good 
faith  with  the  idea  of  ^establishing  homes.  Many  sales  of  this  kind 
have  been  made  in  the  valley,  and  any  work  that  will  tend  to  reduce 
their  number  is  to  be  welcomed. 

SURFACE  WATERS. 

The  streams  of  San  Joaquin  Valley  and  their  characteristics  have 
been  referred  to  incidentally  in  the  preceding  pages.  These  char- 
act^tics  depend  upon  the  physical  geography  of  south-central  Cali- 
fornia and  the  control  which  it  exerts  over  cUmate.  All  of  the  peren- 
nial and  important  streams  flow  from  the  Sierra. 

Precipitation  within  the  Sierra  district  depends  upon  altitude, 
latitude,  and  longitude.    Up  to  a  certain  limit  precipitation  increases 

*  MacUfl^  W.  W.,  lUdunation  of  whK»«8li  land  afitectod  with  alkali  at  Fraano,  California;  U.  8.  Dept 
A^fiv.  Soib  Bon.  42, 1907. 
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with  increase  of  altitude;  beyond  that  limit,  which  at  the  crossing  of 
the  Central  Pacific  is  at  Cisco,  6,000  feet  above  sea  and  1,000  feet 
below  the  summit,  precipitation  decreases.  Rainfall  decreases  also 
southward  along  the  summit  of  the  Sierra  as  well  as  in  the  valleys; 
and  in  those  parts  of  the  range,  principally  its  southern  portion,  where 
altitude  does  not  increase  regularly  from  the  western  toward  the 
eastern  margin,  so  that  the  effect  of  longitude  is  not  obscured  by  that 
of  altitude,  vegetation  indicates  less  rainfall  as  the  desert  border  of 
the  range  is  approached. 

Under  these  conditions,  therefore,  it  is  evident  that  the  greatest 
discharge  per  unit  of  area  will  come  from  those  streams  with  the 
greater  proportion  of  their  drainage  basins  farthest  north,  in  the  high 
part  of  the  Sierra  but  west  of  the  summit. 

The  following  table  has  been  compiled  from  tables  of  discharge  in 
United  States  Geological  Survey  Water-Supply  Papers  298  and  299 
and  unpublished  records  for  July,  August,  and  September,  1912,  and 
shows  the  yearly  discharge  in  second-feet  per  square  mile  for  certain 
rivers  draining  the  western  slope  of  the  Sierra.  Values  are  for  the 
year  ending  September  30. 

Table  1. —  Yearly  discharge  in  second-feet  per  square  mile  of  certain  Caltfomia  rivers. 


1905-6 

1906-7 

1907-8 

1906-9 

1900-10 

1910-11 

19U-12 

Kern  Rlvw  n4«r  Balwrsfleld. 

1.08 
1.73 
2.88 
3.05 

L02 
1.60 
2.13 
2.23 
2.45 
1.89 
2.45 
2.81 
•1.80 
2.48 
1.70 
3.32 
2.78 
4.41 
2.81 

a435 
.608 
.925 

t4r 

1.71 
1.85 
1.91 
2.01 
.667 
1.95 
1.22 
2.56 
t35 
3.03 
1.71 

a690 
.631 
1.45 
2.24 
3.00 
2.09 
8.15 
3.43 
2.84 
3.30 
2.31 
3.98 
2.70 
4.00 
2.66 

aM? 

Tule  Rhrer  at  PortersviUe 

a805 
1.58 
2.18 

a  423 

.670 
.819 
.960 
.656 
.987 
.876 

.258 

Kaweah  River  near  Three  Rivers 

.548 

Kln^  River  near  Sanger 

.764 

San  Joaquin  River  near  Friant 

.878 

2.58 
3.24 
3.51 

2.70 
3.45 
4.13 

.651 

Tuolumne  River  at  Lagrange 

.967 

.863 

Calaveras  River  at  Jenny  Lind 

.319 

Mokelumne  River  near  Clements 

2.90 

3.61 

LOS 
.396 

1.05 
.988 

1.80 

1.32 

.843 

Oosumnes  River  at  Michigan  Bar 

356 
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3.45 
2.95 
4.11 
2.55 

4.15 
3.84 
5.10 
3.66 

.911 

Bear  River  at  Van  Trent 

.460 

Yuba  River  near  Smartsville 

L28 

Feather  River  at  OrovUle 

.791 

oil  months,  October  missing. 

An  examination  of  the  above  table  shows  that  there  is  a  general 
tendency  toward  increase  in  the  discharge  per  square  mile  northward 
from  the  Kem  to  the  Feather.  Except  Kem,  Merced,  Calaveras, 
Cosumnes,  Bear,  and  Feather  rivers  the  streams  occupy  comparable 
positions  on  the  western  slope  of  the  Sierra  and  drain  the  areas  of 
maximum  precipitation  for  their  respective  latitudes.  The  rather 
regular  increase  northward  may  therefore  be  assigned  with  confidence 
to  the  effect  of  latitude  on  precipitation.  The  drainage  basins  of 
both  the  Feather  and  the  Kem  extend  into  the  very  eastern  part  of 
the  Sierra  beyond  the  zone  of  maximum  precipitation,  and  the 
inferiority  of  run-oflf  from  their  basins  as  compared  with  that  of 
neighboring  streams  may  bo  assigned,  in  part  at  least,  to  the  effect  of 
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kmgitude — that  is,  their  basins  extend  so  far  east  as  to  be  measurably 
affected  by  desert  conditions.  Altitude  may  also  be  a  factor  since 
the  Feather  and  the  Eem  drain  portions  of  the  range  which  are  not 
so  high  as  some  of  the  intermediate  areas.  The  deficiencies  of 
Merced,  Calaveras,  Cosumnes,  and  Bear  rivers  may  be  in  part 
ascribed  to  altitude  and  in  part  to  longitude  as  the  major  portion  of 
their  areas  does  not  extend  to  the  summit  of  the  range.  The  dis- 
charge of  the  principal  east-side  streams  and  the  areas  drained  by 
each  are  sunmiarized  in  the  following  table,  compiled  from  the  records 
of  the  State  Engineering  Department  of  California  and  from  those  of 
the  United  States  Geological  Survey. 

The  number  of  years  of  observations  from  which  the  average  dis- 
charge was  determined  is  ako  given.  As  the  length  of  these  records 
varies  from  four  to  twenty-two  years  it  is  obvious  that  they  differ  in 
value;  but  on  the  whole  they  supply  a  concrete  indication  of  the 
average  amount  of  water  discharged  into  the  San  Joaquin  Valley 
annually  by  its  chief  streams. 

Table  2. — Mean  annual  run-off  of  streams  from  east  side  of  San  Joaquin  Valley. 


Stream. 

Years  of  record. 

i^ 

Drain- 
age 

area. 

Mean 
annual 
nuH»ff. 

Second- 
feet  per 
square 

mile. 

C«n  and  Tulare  Lake  bMliis: 
K«n  RlTflr  near  Bakerafi«ld. . . . 
Tale  Rfrvnear  PortersviUe. . . . 

1879-1882, 18g8-19(».  19(»-1912. 
1901-1012 

Yeart. 
22 
11 
9 

17 

15 
0 

0 
0 
15 
22 
19 

4 
14 
0 

0 

Square 

miles 

2,345 

266 

520 

1,740 

1,640 
268 

122 

166 
1,090 
1,548 
1,035 

395 
631 
283 

536 

Aere^eet. 
605,000 
137,000 
506,000 

1,940,000 

1,944,000 
111,000 

33,100 

47,200 

1,200,000 

2,050,000 

1,390,000 

351,000 
988,000 
172,000 

400,000 

0.409 
.711 

KfWMdi    KWer    IMAT    Three 

1903-1012 

1.34 

Rirers. 

KingB  River  near  Sanger 

Sn  Joamin  River  proper: 

San  Joaquin  River  near  Friant . . 
ChowduUa  Creek  near  Buch- 

1995-1912 

1.54 

Ig7»-1882, 1896-1901, 1907-1913. 
187^1884 

1.64 
.571 

Uvipam  Creek  at  foothilb 

BearXre^  at  foothills 

187^1884    

.375 

1878-1884 

.393 

Xened  RivernearMeroed  Falls. 

137g-1882, 1901-1912 

1.52 

Tnoliinma  River  near  Lagrange. 
Stanidaua  River  at   Kni^ 

CyarSas  River  at  Jenny  Lind. . 
Xokehunne  River  near  Clements 
Dry  or  Jackaoo  Creek  at  foot- 

Gomnmee  River  at  Michigan 
Bar. 

1873-18^2,1896-1913 

1.18 

1873-1882, 1896-1900, 1903-1913. 
1908-1912 

1.86 
1.23 

1873-1881,1901,1903-1913 

1873-1884 

2.16 
.841 

1907-1913 

1.03 

Total 

12,585 

11,964,300 

Koa.— Compiled  from  Water-Sopplv  Paper  299.  The  records  for  1878  to  1884  were  collected  by  the 
State  Engineering  Department  of  Caliioniia;  many  of  them,  however,  were  estimates  based  on  run-olT 
<f  adkcnt  streams.  These  estimated  records  have  l>een  omitted  from  the  above  compilation  when 
noords  (or  other  years  were  available. 

The  high-water  period  of  the  Sierra  streams  comes  during  the  late 
spring  and  early  summer  months,  when  the  snow  accumulated  in  the 
winter  is  melting  most  rapidly  from  the  mountains;  the  low-water 
flow  comes  during  the  late  summer  and  fall  months  after  the  snows 
are  gone  and  before  the  winter  rains  have  begun.  These  characteris- 
tics are  illustrated  in  the  following  table  of  monthly  discharge  of 
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Kings  River  for  1906,  aa  determined  by  the  United  States  Geolo^cal 
Survey:* 

Table  Z^^MorUhly  discharge  of  Kingt  River  near  Sanger y  1906. 


Month. 


Disdiaige  in  8ecand4iBet. 


Maximum.  Minimum.       Mean. 


ToUlIn 


January... 
February.. 

March 

April 

May 

June 

July 

August.... 
September 
October. . . 
November. 
December. 


25,800 

2,150 

21,000 

7,700 

10,800 

20,600 

22,400 

7,900 

2,020 

682 

010 

2,230 


205 
792 
1,220 
2,960 
3,930 
8,320 
8,180 
1,870 
682 


330 


2,360 

1,150 

5,240 

4,720 

10,700 

17,100 

16,300 

4,300 

1,120 

516 

307 

TOO 


144,000 

«3,900 

323,000 

281,000 

058,000 

1,090,000 

1,000,000 

264,000 

60,600 

31,700 

23,000 

48,000 


Each  of  the  major  streams  discharges  from  the  moimtains  upon  the 
eastern  edge  of  the  valley  in  a  single  channel,  but  after  reaching  the 
valley  it  usually  divides  into  a  number  of  branches,  thus  spreading 
over  its  delta.  This  characteristic  is  most  marked  in  the  streams  that 
flow  into  the  southern  end  of  the  valley,  for  many  of  the  northern 
tributaries  are  incised  in  the  valley  floor  and  are  thus  confined 
between  definite  banks.  This  distribution  is  much  more  pronounced 
during  the  high-water  period  of  early  summer  than  at  other  seasons 
of  the  year.  A  main  channel  of  sufficient  capacity  to  carry  the  low- 
water  flow  proves  inadequate  during  the  flood  period,  and  there  is 
then  overflow  into  the  numerous  subsidiary  channels. 

The  natural  habit  of  aU  of  the  main  streams  has  of  course  been 
extensively  modified  by  irrigation.  Canal  systems  now  take  from 
the  channels  practically  aU  of  the  low-water  flow  and  an  important 
percentage  of  the  maximum  early  summer  flow.  These  systems  have 
been  described  by  Grunsky.* 

The  west-side  streams  are  practically  negligible  as  factors  in  the 
San  Joaquin  Valley  water  supply.  Only  a  few  of  them  are  perennial, 
and  the  late  summer  flow  of  these  is  so  slight  that  a  few  acres  at  most 
can  be  irrigated  by  their  use.  A  trifling  amount  of  irrigation  of  this 
type  is  accomplished  by  utilizing  the  waters  from  Los  Gatos  Creek, 
Cantua  Creek,  and  others. 


1 U.  S.  Qeol.  Survey  Water-Supply  Paper  213,  p.  159, 1907. 
*  Qrunsky,  C.  E.,  U.  S.  Qeol.  Survey  Wattf-Supply  Papers  17, 18,  and  19. 
available  for  distribution,  but  they  may  be  oansulted  in  libraries. 


These  papers  are  no  loogar 
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/!teURRENCE   AND  UTILIZATION  OF  GROUND  WATER. 

By  W.  C.  Mkndbnhall. 
ORIGIN  OP  THE  GROUND  WATER. 

The  ground  water  of  San  Joaquin  Valley  has  precisely  the  same 
ori^  as  its  surface  water — ^namely,  the  rainfall  and  snowfall  in  the 
drainage  basins  tributary  to  the  valley.  It  is  in  reality  simply  that 
portion  of  the  surface  water  that  sinks  into  the  sands  and  gravels  of 
the  vaQey  floor  and  makes  the  rest  of  its  journey  seaward  by  slow 
pefcolation  through  the  pores  between  the  sand  grains. 

One  of  three  things  happens  to  the  water  that  reaches  the  earth's 
surface  as  precipitation:  (1)  It  returns  directly  to  the  air  by  evapora- 
tion from  plant,  soil,  or  water  surfaces;  or  (2)  it  flows  to  the  sea  in 
surface  streams;  or  (3)  it  sinks  into  the  ground  and  joins  the  body  of 
water  that  saturates  the  soil  particles  below  the  groimd-water  level. 
It  is  with  the  latter  part  of  the  precipitation  on  the  nearly  32,000 
square  miles  of  area  included  in  San  Joaquin  Valley  and  the 
mountain  watershed  tributary  to  it  that  we  have  to  deal. 

In  the  outline  of  the  geologic  history  of  the  valley  it  has  been 
pointed  out  that  its  entire  surface  is  made  up  of  the  surfaces  of  con- 
tiguous alluvial  f ans,  and  that  the  valley  is  underlain  to  a  depth  that 
can  not  be  determined  accurately,  but  that  doubtless  runs  into  thou- 
sands of  feet,  by  porous,  unconsolidated,  alluvial-fan  material, 
mingled,  in  some  areas,  with  lake  deposits.  This  material  has  been 
transported  from  the  mountains  to  the  valley  by  the  agency  of  run- 
ning water.  Many  times  its  own  volume  of  water  has  passed  through 
and  over  it  in  the  course  of  its  removal  from  the  mountains  to  the 
▼aDey.  It  was  deposited  by  and  in  water  and  has  been  more  or  less 
continuously  saturated  ever  since. 

A  large  but  quite  undeterminable  portion  of  the  nm-off  from  the 

mountains  each  year  sinks  and,  joins  the  ground  water.    Of  the 

3,300,000  acre-feet  discharged  annually  into  the  valley  south  of  the 

Kings  River-San  Joaquin  divide,  only  the  small  portion  that  spills 

northward  from  Kings  River  itself  reaches  the  sea  over  the  surface, 

because  there  has  been  no  outflow  from  Tulare  Lake  for  forty  years. 

The  greater  part  evaporates  or  sinks  to  join  the  imdergroimd  supply. 

Northward  from  Kings  River  the  sxuface  waters  are  greater  in 

volume  than  south  of  it  and  serve  effectually  to  keep  the  sands  and 

gravels  beneath  them  saturated. 

27 
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UNDERGROUND  CIRCULATION. 

Ground  waters  near  the  surface  usually  move  slowly  in  the  direc- 
tion of  the  surface  slope  and  at  rates  that  vary  with  the  gradient 
of  the  slope  and  the  coarseness  of  the  material  through  which  they 
percolate.  The  freedom  of  the  outlet  by  which  they  escape  is  also 
important.  They  may  be  ponded  by  a  restricted  outlet  just  as 
surface  waters  may.  Measurements  of  rates  of  ground-water  move- 
ments in  San  Joaquin  Valley  are  not  available,  but  facts  stated 
in  the  following  paragraph  indicate  pretty  plainly  the  conditions 
that  probably  prevail: 

1.  The  alluvial  fans  that  make  up  the  valley  floor  are  generally  of 
low  slope  and  fine  material.    The  fans  of  the  CafLada  de  las  Uvas  and 
of  San  Emigdio  Creek,  at  the  south  end  of  the  valley,  and  of  Pala 
Prieta  and  Los  Gatos  creeks  on  the  west  side  are  exceptions;  but  the 
streams  that  have  produced  them  contribute  so  small  a  proportion 
of  the  ground  waters  that  they  may  be  disregarded.     2.  The  general 
slope  of  the  lowest  Une  of  the  valley,  from  the  south  to  the  north,  is 
not  only  not  continuous,  in  that  it  is  interrupted  by  ridges  Uke  that 
north  of  the  Tulare  basin,  but  it  averages  only  about  1  foot  to  the  mile, 
a  very*  low  gradient  for  a  semiarid  region.     3.  The  wells  drilled 
throughout  the  valley  prove  that  the  sediments  underlying  it  are  all 
fine.     4.  The  surface  outlet  of  the  San  Joaquin  and  Sacramento 
drainage  is  by  way  of  Suisun  Bay  and  the  straits  of  Carquinez  to  San 
Francisco  Bay;  but  the  straits  are  restricted,  and  it  is  not  probable 
that  bedrock  lies  far  beneath  the  surface  in  their  vicinity.     In  short, 
there  is  no  adequate  outlet  for  the  ground  waters  of  the  Great  Valley, 
which  is  canoe-shaped,  with  only  a  notch  in  the  rim  at  the  straits 
through    which    the    surface    waters    spill.    All  '  these    conditions 
favor  slow  movement  of   the   ground   waters   about  the  borders 
and  at  the  ends  of  the  valley,  with  their  practical  stagnation  along 
the  lower  San  Joaquin  because  there  is  no  adequate  outlet  for  them 
there.    To  be  sure,  capillarity  and  evaporation  afford  some  slight 
escape  for  the  ground  waters  as  they  approach  the  surface  in  their 
slow  movement  along  the  valley  axis.    The  great  alkaU  areas  of 
the  west  slope  and  of  the  valley  trough  indicate  escape  of  ground 
waters,  because  it  is  by  this  escape  that  the  alkalies  are  concentrated 
at  the  surface;  but  the  outlet  provided  in  this  way  is  of  slight 
consequence  when  compared  with  the  total  body  of  groimd  waters. 

The  belief  that  there  is  Uttle  movement  in  the  subsurface  waters 
of  the  lower  San  Joaquin  is  strengthened  by  a  consideration  of  their 
chemical  characteristics.  Some  of  the  groimd  waters  of  the  upper 
deltas  of  the  east  side  are  among  the  purest  waters  of  this  type  known, 
while  those  from  the  shallow  flowing  wells  of  the  bottom  of  Tulare 
Lake  and  from  the  deeper  wells  of  the  north  end  of  the  valley  are  so 
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heayily  charged  with  mineral  matter  as  not  to  be  potable  or  suitable 
for  irrigation  purposes.  Ground  waters  dissolve  the  soluble  minerals 
from  the  rock  fragments — the  clay,  sand,  or  gravel  particles  with 
wldeh  they  are  in  contact.  The  amount  thus  dissolved  depends  upon 
the  chemical  combinations  in  which  the  minerals  exist,  some  being 
much  more  soluble  than  others,  and  upon  the  length  of  time  during 
which  the  waters  are  in  contact  with  them.  In  general,  the  alkalies 
in  the  sands  and  gravels  of  the  east  side  are  in  the  most  resistant  form, 
the  silicates  of  the  granitic  d6bris  from  the  Sierra;  the  alkalies  of  the 
sands  and  gravels  of  the  west  side  are  in  less  resistant  form,  the  sul- 
phates and  carbonates  of  the  Cretaceous  and  Tertiary  shales  and 
sandstones;  hence  the  ground  waters  of  the  high  parts  of  the  east 
slopes  of  the  valley,  which  move  with  comparative  rapidity,  are 
much  purer  than  the  waters  from  similar  situations  on  the  west  side. 
Furthermore,  the  volume  of  water  poured  out  upon  the  east-side 
fans  is  many  times  greater  than  that  discharged  upon  the  west  side, 
so  that  the  alkalies  dissolved  are  greatly  diluted.  But  down  in  the 
trougji  of  the  vaUey,  especially  near  its  north  end,  the  ground  waters 
contain  a  much  larger  percentage  of  salts,  even  than  those  of  the  west 
side.  If  there  were  rapid  circulation  of  ground  waters  here,  this  con- 
dition should  not  exist,  for  the  dissolved  salts  should  be  gradually 
carried  out.  The  fact  that  the  waters  are  highly  mineralized  is 
regarded  then  as  additional  evidence  of  sluggish  circulation,  or  per- 
haps practical  stagnation. 

QUANTITY  OF  GROUND  WATER, 

Little  need  be  said  of  the  quantity  of  ground  water  in  the 
valley,  for  two  reasons:  The  first  is  that  although  it  is  clear  that  the 
quantity  is  enormous,  it  is  not  possible  to  estimate  it  with  any  exact- 
ness; the  second  is  that  the  actual  quantity  is  not  of  so  much  impor- 
tance in  its  use  as  its  accessibility  and  the  rapidity  with  which  it  is 
restored  when  withdrawn. 

The  area  of  the  valley  is  about  11,500  square  miles.  The  depth  of 
the  sands  and  gravels  which  are  saturated  with  the  ground  waters  is 
probably  not  less  than  a  mile  at  the  maximum,  and  may  be  much 
more.  The  average  depth  is  equally  unknown,  but  wells  1,000  or 
2,000  feet  deep,  or  even  more,  that  are  scattered  throughout  the  val- 
ley, do  not  reach  the  bottom  of  the  unconsoUdated  sands  and  gravels; 
80  it  may  safely  be  assumed  to  be  one-quarter  of  a  mile  and  more. 
At  this  depth,  nearly  3,000  cubic  miles  of  sands,  gravels,  and  clays 
are  saturated  with  ground  water,  and  if  the  porosity  is  20  per  cent 
the  conclusion  is  reached  that  600  cubic  miles  of  water  underUes  the 
valley — certainly  both  a  sufficiently  conservative  and  a  sufficiently 
startling  estimate.  But  this  includes  waters  of  all  qualities,  some  not 
tisable,  and  some  lying  at  great  depths  and  not  accessible. 
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ACCBSSIBIIilTY  AND  AVAIIaABIIilTY  OF  GROUND  WATER. 

One  of  the  most  important  elements  in  the  cost  of  groimd  water, 
of  course,  is  its  accessibility,  by  which  is  generally  meant  the  depth 
at  which  it  stands  beneath  the  surface;  but  the  depth  of  boring 
necessary  to  develop  it  and,  if  pimiped,  the  amoimt  that  it  is  drawn 
down  when  the  pumps  are  in  operation  are  also  important  elements. 

The  cheapest  waters  in  general  are  those  that  flow  out  at  the  sur- 
face, even  though  deep  wells  may  be  necessary  to  develop  them  and 
the  initial  cost  may  therefore  be  great.  But  these  waters  may  not 
always  be  most  available,  because  they  are  to  be  had  only  in  the  lower 
parts  of  the  valley,  where,  because  of  climatic  conditions  and  alka- 
linity of  soil,  many  of  the  lands  are  less  valuable  than  those  farther 
up  the  slopes.  Generally  speaking,  about  the  borders  of  the  valley 
the  ground  waters  lie  at  the  shallowest  depths  in  the  deltas  and  at 
the  greatest  depths  in  the  interareas.  The  flood  channels  and  the 
irrigation  ditches  are  the  lines  along  which  recharge  of  the  ground 
waters  is  effected;  hence  in  their  vicinity  the  ground-water  level  Ues 
near  the  surface  and  the  pumping  lift  is  at  a  minimum. 

Beneath  the  higher  parts  of  the  west-side  slopes,  unfortunately, 
where  water  is  most  needed,  it  is  not  accessible.  The  conditions 
here  illustrate  well  the  dependence  of  the  ground  water  upon  local 
surface  supply.  Surface  run-off  is  most  limited  in  this  area  and  the 
ground  water  lies  at  too  great  depth  for  profitable  utilization. 

dbvbijOpmbnt  of  ground  water. 

The  development  of  ground  water  in  the  valley  is  as  yet  in  its 
infancy.  It  does  not  compare  in  intensity  with  that  in  southern 
California,  where,  with  an  irrigated  district  of  perhaps  a  quarter  of 
a  million  acres,  there  are  nearly  3,000  flowing  wells,  costing  about 
$675,000  and  yielding  nearly  200  cubic  feet  of  water  per  second,  and 
at  least  1,500  pumping  plants  in  which  $2,500,000  or  more  is 
invested,  by  which  an  average  of  nearly  300  cubic  feet  per  second  of 
water  is  produced.  Other  minor  wells  increase  the  investment,  but 
add  little  to  the  product.  The  total  estimated  investment  in  the 
development  of  ground  water,  exclusive  of  the  distribution  systems, 
is  about  $5,000,000  in  this  restricted  district  and  the  water  produced 
is  approximately  500  cubic  feet  per  second.  For  comparison  with 
this  development  south  of  the  Tehachapi,  the  following  estimates 
have  been  prepared  from  the  records  obtained  by  the  United  States 
Geological  Survey  in  1905-1907  to  indicate  the  relatively  meager 
development  in  San  Joaquin  Valley  at  that  time. 
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Table  A.^Oround^waUr  devdopment  in  San  Joaquin  Valley  in  1906. 
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•  One-third  capacity. 

Tlie  data  on  wliich  these  estimatiBs  were  based  were  neither  so 
complete  nor  so  satisfactory  as  those  used  in  southern  California, 
and  therefore  the  conclusions  must  be  regarded  as  suggestive  rather 
than  as  accurate  in  detail.  As  an  example  of  one  of  the  weak  points 
in  the  estimates,  attention  may  be  called  to  the  column  in  which  the 
output  of  the  pumping  plants  is  recorded.  Generally  these  plants 
are  used  in  the  irrigation  of  alfalfa  or  of  garden  products.  Some 
of  them  are  independent  sources  of  water;  others  are  auxiliary  to 
gravity  waters  and  are  used  only  when  the  latter  are  not  available; 
some  are  in  the  southern  part  of  the  valley,  where  the  rainfall  is 
leas  than  5  inches;  others  are  in  the  northern  part  of  the  valley,  where 
the  rainfall  is  more  than  twice  as  heavy,  and  where  on  this  accoimt 
leas  water  need  be  applied  artificially.  Of  course  the  pumps  are  not 
in  constant  operation  anywhere,  but  the  percentage  of  the  year  that 
tiiey  are  run  varies  with  local  conditions.  No  exact  estimate  of 
this  percentage  can  be  made,  but  it  has  been  assumed  in  the  estimates 
Aat  the  pumps  are  operated  the  equivalent  of  two  months  continu- 
ously, hence,  that  their  output  for  the  year  is  one^ixth  of  what  it 
would  be  were  they  in  constant  operation.  This  estimate  is  more 
likdy  to  be  too  high  than  too  low.  In  one  county,  Tulare,  which 
includes  the  Portersville,  Exeter,  and  Lindsay  citrus  districts,  a 
larger  factor  is  used.  Most  of  the  pumps  in  this  coimty  are  used 
for  citrus  irrigation,  and  it  is  assumed  here  that  their  output  is  one- 
third  of  what  it  would  be  were  they  in  continuous  operation.  This 
estimate  should  not  be  excessive. 

Accepting  the  estimates,  then,  as  they  are,  we  find  that  in  San 
Joaquin  Valley  there  were  in  1905-6  between  500  and  600  flowing 
wfiDs  and  a  somewhat  greater  number  of  pumping  plants,  representing 
aa  investment  between  $1,000,000  and  $1,500,000  and  yielding  in 
the  neighborhood  of  300  cubic  feet  per  second.  The  number  of  wells 
then  was  about  one-fourth  that  of  southern  California,  the  investment 
one-thirdy  and  the  product  about  one-half,  although  the  total  irrigable 
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•re*  of  Smn  JcMqam  YftOer  is  ncarij  10  times  thai  of  the  soathmi 
field  ftnd  the  grooiid  wmt«n  armtkhfe  are  probahlj  in  similar  ratio. 
This  eompamoQ,  eren  thoogji  the  figms  npon  which  it  is  based  are 
not  complete,  gires  a  graphic  idea  <rf  the  devdopment  that  may  yet 
be  accomplished  in  central  California  by  the  full  use  of  the  ground- 
water resources. 

A  later  reriew  of  gnrand-wat«  derdopment  and  conditions  has 
been  prepared  by  S.  T.  Harding  and  Ea^  D.  Bobertson.'  Their 
ccfndasioDSy  based  largdy  oa  the  daU  hcran  piesonted  but  supple- 
mented by  some  later  statistical  information,  may  be  quoted: 

It  ifl  fwHwttfH  in  tfab  report  pi'Uer-SiippIr  P^Mr  223]  tbrt  tike  ultimate  mmouiit 
of  gnmiid  vater  dereloped  WKkj  be  10  times  thu  tbea  dereloped  in  aoathern 
Oidilonua,  or  5.000  cubic  feet  {wrsecood.  At  that  time  [100&-0]  about  300  cubic  feet 
per  second  wae  being  developed  in  tbe  San  Joaquia  Valley.  Tlik  baa  been  more  than 
dowtbled  ance.  If  5.000  cubic  feet  per  second  ie  obtained  for  otx  montlw  oC  the  year, 
it  will  equal  a  total  of  1.810.000  acie-feeC  or  approximately  15  per  cent  of  the  total 
mean  annual  diacbaige  of  the  streams  at  the  edge  of  the  valley.  Couidering  the  gen- 
erally oped  structure  of  the  sabeoik,  the  seepage  of  this  amount  or  more  can  be  con- 
«dered  as  reasonable.  Increase  in  gravity  iirigation  should  increase  the  quantity 
reaching  ground  supplies.  Ground  water  in  sufficient  quantity  for  Tnigation  can  b« 
obtained  in  all  parts  of  the  valley  proper,  except  in  the  west-side  areas.  In  the  lower 
valley  floor  artesian  flow  can  be  secured,  although  this  is  not  ext«iaivdy  used  for 
irrigation.  While  the  quantities  available  decrease  and  the  lifts  required  increase 
from  the  valley  trou^  to  the  east-side  foothills,  the  value  of  the  ixoducts  which  can 
be  grown  increases,  so  that  the  highest  development  may  be  found  in  the  regions  of 
smallest  ground-water  supply.  As  pumping  for  irrigation  requires  both  an  initial  coet 
and  an  operation  expense  that  are  plainly  evident  to  irrigators,  the  pumped  water  is 
generally  used  mote  economicaUy  than  that  from  gravity  canals.  As  a  large  pcntion  of 
the  water  at  present  pumped  is  used  to  supplement  the  water  received  from  canak 
it  is  not  reasonable  to  expect  the  area  irrigated  fran  ground  water  will  be  entirely 
additional  to  that  irrigated  from  canals.  While  any  estimate  of  the  total  possibilities 
of  the  ground  supplies  must  be  liable  to  much  uncertainty,  the  area  eventually 
irrigated  wholly  by  this  means  will  certainly  be  several  times  that  at  present 
supplied  and  may  reach  a  total  of  600,000  acres.  WhUe  use  of  ground  water 
will  be  rather  general  throughout  the  lower  valley  floor  and  east-side  plains,  the 
largest  use  will  be  where  gravity  supplies  are  the  least  accessible,  as  in  San  Joaquin 
County,  or  where  supplemental  pump  supplies  are  the  most  profitable,  as  in  the 
Fresno  district. 

VAIiUE  OF  THE  WATERS  FOR  IRRIGATION. 

Although  the  ground  waters  of  the  valley  have  been  known  and 
used  in  minor  ways  practically  ever  since  its  settlement,  it  is  never- 
theless true  that  the  movement  for  their  extensive  utilization  as 
sources  of  irrigation  supply  is  a  late  phase  of  development,  for  many 
of  the  earlier  attempts  to  make  use  of  them  resulted  in  failure. 

Among  the  causes  that  have  contributed  to  past  failures  may  be 
mentioned:   Application  of  the  developed  waters  to   poor  lands; 

1  Harding,  8.  T.,  and  Robertson,  R.  D.,  Iixigation  resources  of  central  California:  CoiUlonMa  ConMrvv 
tlon  Comm.  Rept.  for  1013,  pp.  172-240. 
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wasteful  methods  of  application;  dependence  on  the  continuance  of 
artesian  flow;  lack  of  adjustment  to  the  greater  cost  of  pimiped 
waters  as  compared  with  that  of  the  gravity  waters  upon  which 
reliance  has  heretofore  been  placed;  lack  of  intensive  farming  meth- 
ods and  of  proper  adaptation  of  crops  to  soil  and  locality;  too  large 
farm  units;  and,  in  a  few  cases,  inadequate  transportation  facilities. 

Ihe  most  potent  of  all  these  causes  has  been  the  prevalence  of  the 
easy-going  methods  of  the  pioneer — the  careless,  wasteful  habits  that 
are  a  direct  inheritance  from  the  grazing  and  grain-raising  period 
which  has  not  yet  passed  from  the  valley.  Land  and  such  waters  as 
are  utilized  have  cost  little  heretofore  in  San  Joaquin  Valley,  and 
things  that  cost  Uttle  are  lightly  valued,  no  matter  what  their  intrinsic 
worth.  This  spirit  is  fostered  by  the  immense  holdings  of  some  of 
the  larger  companies.  Few  of  these  companies  practice  intensive 
cultivation,  though  their  lands  are  among  the  best  in  the  valley. 
Usually  hay  and  grain  are  raised  to  feed  through  the  dry  season  the 
stock  that  is  in  pasture  during  the  grazing  period.  But  although 
not  as  a  rule  intensely  cultivated  and  by  no  means  producing  the 
maximum  of  food  products  or  supporting  the  largest  possible  popu- 
lation, most  of  the  large  holdings  are  more  carefully  and  successfully 
managed  than  the  quarter  section  of  the  small  farmer. 

Despite  all  obstacles  and  discouragements,  however,  the  use  of 
ground  waters  is  gradually  extending.  Special  high-priced  products 
like  the  citrus  fruits  of  the  Portersville-Lindsay  district  justify  heavy 
expoiditures  for  production,  and  ground  water  has  long  been  success- 
fully used  in  this  section.  The  success  of  pumping  water  to  great 
heights  to  irrigate  the  specially  early  citrus  fruits  of  this  region  is  fully 
demonstrated,  the  acreage  devoted  to  these  products  is  constantly 
extending,  and  the  yield  is  increasing  rapidly  as  groves  planted 
recwitly  approach  maturity. 

Irrigation  by  means  of  pumped  ground  water  is  also  proving  suc- 
cessful under  the  entirely  different  conditions  that  exist  about 
Lathrop,  Lodi,  and  Stockton,  in  San  Joaquin  County.  Several  hun- 
dred small  pumping  plants  are  in  operation  in  this  county,  the  greater 
number  of  which  have  been  installed  within  a  few  years.  By  their 
use  alfalfa,  vineyards,  and  varied  crops  of  fruits  and  vegetables  are 
successfully  grown.  WindmiUs  also  are  extensively  used,  often  with 
auxiliary  gas  engines  attached  to  the  same  well.  The  area  in  which 
this  type  of  irrigation  is  practiced  is  closely  settled,  houses  are  neat, 
prosperous  looking,  and  well  cared  for,  the  villages  and  cities  which 
supply  the  country  trade  and  market  the  products  are  flourishing, 
and  altogether  there  is  every  evidence  of  successful  endeavor  and 
abundant  prosperity. 

Still  other  communities  whose  existence  depends  upon  the  utiliza- 
tion of  ground  waters  are  the  recently  established  colonies  in  Eangs, 
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Tulare,  and  Kem  counties,  of  which  the  Corcoran  setdement  is  a 
type.  This  particular  locality  is  within  the  artesian  basin,  and  a 
group  of  deep  wells  yield  flowing  waters  which  are  utilized  for  all  pur- 
poses. As  a  result,  successful  dairy  farms  have  been  established, 
sugar  beets  are  raised,  and  a  factory  has  been  built  for  the  manufac- 
ture of  sugar  from  them. 

It  is  thus  evident  that  there  is  a  gradual  awakening  to  the  value  of 
the  ground  waters  and  their  usability,  although  in  many  localities  the 
advocate  of  the  use  of  these  waters  is  still  met  by  the  statement  that 
they  can  not  be  developed  and  applied  at  a  profit  imder  agricultural 
conditions  as  they  now  exist.     It  is  true  that  the  pumped  waters  are 
more  expensive  than  the  ditch  waters,  whose  cost  as  a  rule  is  very 
low.     The  average  cost  of  current  for  pumping  the  water  used  by  the 
Kem  County  Land  Co.  near  Bakersfield,  with  an  average  lift  of  30 
feet,  is  $1.29  per  second-foot  for  24  hours  on  the  basis  of  a  charge  of 
15  cents  per  horsepower  per  homr  for  electric  current,  whereas  the 
charge  for  surface  water  in  the  same  locality  is  75  cents  per  second- 
foot  for  24  hoiu^ — that  is,  the  current  for  pumping  the  groimd  water 
costs  more  than  the  surface  water.    When  it  is  remembered,  however, 
that  almost  universally  in  San  Joaquin  Valley  water  is  used  in  great 
excess,  to  the  immediate  and  ultimate  injury  not  only  of  the  lands  to 
which  it  is  appUed  but  of  adjacent  lands;  that  on  many  of  the  delta 
lands  there  is  as  yet  but  little  intensive  cultivation,  and  that  therefore 
the  margin  of  profit  is  low;  that  there  is  an  important  proportion  of 
large  holdings  and  absentee  ownership  dependent  upon  inefficient  hired 
labor;  and  above  all  that,  in  the  midst  of  the  communities  in  which 
it  is  asserted  that  pumped  waters  can  not  be  profitably  used  in  agri- 
cultiu'e  individuals  may  generally  be  found  who  are  using  them  with 
striking  success;  when  all  of  these  things  are  taken  into  consideration, 
it  may  be  asserted  with  confidence  that  the  greatest  increase  in  the 
agricultiu'al  development  in  this  valley  in  the  futiu'e  will  be  brought 
about  by  a  utilization  of  the  groimd-water  supplies,  whose  develop- 
ment has  only  begun  and  whose  value  is  as  yet  but  faintly  realized. 

It  will  probably  be  true  in  the  future,  as  it  has  been  in  the  past,  that 
side  by  side  with  successful  attempts  at  the  utilization  of  ground 
waters  will  be  unsuccessful  attempts,  and  that  the  general  move- 
ment for  fuU  realization  upon  this  asset  will  be  checked  here  and 
there  by  conspicuous  failiu'es  widely  advertised.  This  is  a  condi- 
tion that  always  arises  in  any  general  advance.  Each  failure 
should  teach  its  individual  lesson  as  to  a  particular  way  not  to  under- 
take development  or  to  apply  water,  and  should  not  be  interpreted 
as  an  argimient  against  the  usefulness  of  the  resource  imder  proper 
conditions,  for  the  fundamental  facts  remain  that  ground  waters 
exist  beneath  the  floor  of  San  Joaquin  Valley  in  immense  volume  and 
that  over  wide  areas  they  are  of  high  quality  and  very  accessible. 
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Tliey  are  certain,  therefore,  to  be  widely  used  in  the  future,  and  by 
dieir  use  hundreds  of  thousands  of  acres  now  arid  and  unproductive 
win  be  brought  to  yield  handsomely. 

The  development  of  the  ground  waters  under  the  conditions  that 
exist  at  present,  when  the  chief  ai^ument  against  them  is  their  cost 
as  compared  with  that  of  the  surface  waters  which  have  set  the  stand- 
ard, should  follow  two  or  three  lines. 

In  the  first  place,  pumping  plants  in  the  higher  parts  of  the  delta 
lands  should  be  used  as  adjuncts  to  insufficient  gravity  supplies.    The 
supply  of  the  gravity  waters  diuing  the  flood  months  of  May,  Jime, 
and  July  is  from  2  or  3  to  15  or  20  times  that  available  during  the 
months  of  August,  September,  and  October,  when  many  crops  are 
maturing.     As  a  consequence  many  owners  of  late  rights  to  gravity 
waters  secure  a  portion  of  the  flow  during  the  early  high-water 
pwiod,  but  are  left  without  it  during  the  low-water  period,  when 
there  is  only  sufficient  to  satisfy  the  earliest  rights.    Such  owners 
often  have  enough  gravity  water  for  one  or  two  early  irrigations,  but 
not  more.     Under  present  conditions,  therefore,  the  maturing  of  late 
crops  is  a  precarious  matter  with  them,  and  they  are  confined  prac- 
tically to  those  products  which  will  yield  returns  when  ungated  only 
in  the  spring  or  early  summer.    This  is  a  serious  handicap,  as  it  greatly 
limits  the  range  of  their  agricultiural  activity  and  often  condemns 
their  land  to  idleness  during  half  of  the  year.    By  the  installation  of 
pmnping  plants,  to  be  operated  only  when  gravity  waters  are  not 
available,  this  handicap  is  removed,  and  yet  the  cost  of  irrigation  is 
much  less  than  where  no  surface  waters  are  available  and  pumps 
most  be  operated  continuously. 

In  the  second  place,  in  districts  that  have  a  market  for  garden 
products  or  for  those  special  farm  products  whose  value  and  yield 
justify  some  expense  in  their  production,  as  sweet  potatoes,  celery, 
asparagus,  or  onions,  the  small  land  owner  can  well  afford  to  install 
an  individual  pumping  plant  independent  of  surface  supphes.  The 
same  method  will  be  successful  with  crops  that  require  only  one  or 
two  irrigations  a  year,  as,  for  example,  some  of  the  fancy  varieties 
of  grapes  that  are  now  raised  so  profitably  in  the  northern  part  of 
the  vaJley. 

Another  line  to  be  followed  in  development  is  the  utilization  of 
flowing  artesian  waters.  Along  the  axis  of  the  valley  is  a  zone  with 
an  area  of  about  4,300  square  miles  within  which  flowing  waters  are 
available.  Over  perhaps  two-thirds  of  this  area  the  flowing  waters 
are  sufficiently  pure  to  be  suitable  for  use  in  irrigation. 

None  of  these  lines  along  which  it  is  suggested  that  groimd  waters 
may  be  used  are  experiments.  Each  has  been  followed  successfully 
in  some  of  the  communities  in  the  valley,  although  in  other  sections 
quite  as  favorably  situated  the  investigator  will  be  told  that  pumped 
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or  flowing  waters  can  not  be  used  profitably.  Communities,  like 
individuals,  fall  into  ruts,  acquire  bad  habits,  and  lose  the  power  of 
initiative.  In  this  condition  they  may  overlook  or  fail  to  utilize 
some  of  their  most  valuable  assets. 

In  the  course  of  this  investigation  nearly  4,000  wells  in  the  valley 
have  been  examined  and  data  collected  as  to  depth,  yield,  cost,  etc 
Among  them  are  many  flowing  wells.  For  most  of  the  wells  the  data 
are  incomplete,  but  from  the  records  available  the  following  averages 
have  been  determined: 

Table  6. — Average  size,  depth,  yield,  cost,  etc,,  ofjhmng  wells. 


County. 

Number 
aver- 
aged. 

Average 
diameter 
(inches). 

Depth 
(feet). 

Yield 
(miner's 
inches).o 

Average 
cost. 

Annual 
Interest 
oncost 
atSper 
cent. 

Interest 
chaise 

xnM's 

inch  per 

year. 

Kern 

10 
7 

32 
7 

10 
9 

8 
8 
7 

021 
1,037 
745 
036 
350 

53.3 
30 
26 
20 
5* 

$1,645 

2,555 

1  711 

1,640 

470 

$123.60 

204.40 

136.88 

123.20 

37.60 

S2.30 

K»T»g« 

6.81 

Tulare 

5.26 

Fresno 

6.16 

Meroed 

16 

6.M 

a  A  CaUfomla  miner's  inch  equals  OM  seoond-foot 

These  averages  are  based  upon  the  actual  experienc^e  of  owners  of 
wells  already  drilled  and  flowing.  They  therefore  have  a  definite 
value  as  a  basis  for  estimating  costs  of  artesian  waters  to  be  obtained 
as  a  result  of  future  developments.  They  may  be  compared  with 
the  charge  made  on  the  Kern  delta  for  gravity  water,  namely,  75 
cents  per  second-foot  for  24  hours,  equivalent  to  $5.47  per  miner's 
inch  per  annum. 

In  comment  upon  the  table  it  is  to  be  said  that  the  Kern  County 
average  is  too  low,  because  it  happens  that  among  the  wells  for 
which  sufficiently  cjomplete  data  exist  for  computing  these  averages 
there  were  one  or  two  of  exceptionally  great  yield  that  have  unduly 
raised  the  average  yield  and  reduced  the  cost,  thereby  giving  a  figure 
lower  than  that  which  will  probably  be  realized  in  future  develop- 
ment. 

It  must  be  remembered  further  that  the  figures  are  based  on  the 
assumption  that  the  entire  year's  flow  will  be  utilized.  This  assump- 
tion can  bo  realized  only  by  the  construction  of  r^ervoirs  in  wliich 
the  water  will  be  stored  during  the  nonirrigating  season  for  use 
when  wanted.  Such  construction  will  add  to  the  cost  and  will 
reduce  the  supply  in  three  ways:  (1)  By  a  reduction  of  flow  because 
of  the  increased  height  of  dehvery  necessary  to  discharge  into  a  res- 
ervoir; (2)  through  loss  by  evaporation  from  the  surface  of  the 
reservoir;  (3)  through  loss  by  seepage  from  the  reservoir. 

The  imcertainty  as  to  the  amoimt  that  will  be  deUvered  by  any 
artesian  well  is  another  disturbing  factor  in  making  exact  calculft- 
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tiODS.  The  area  within  which  flowing  waters  are  procurable  has  been 
cmtlined  with  approximate  accuracy,  but  the  yield  of  any  well  can 
be  determined  only  after  the  well  has  been  sunk  and  the  necessary 
capital  invested  in  it.  Some  of  the  weUs  used  in  computations  have 
delivered  much  more  than  the  average  supply  and  so  have  yielded 
exceptionally  cheap  waters;  others  have  dehvered  less  than  the 
average,  and  their  waters  are  correspondingly  expensive. 

Another  condition  that  must  be  realized  is  this:  When  the  nimiber 
of  wells  drawing  from  the  artesian  supply  is  greatly  increased  in  any 
particular  neighborhood,  the  wells  interfere  and  the  yield  of  each  is 
lessened.  When  the  maximiun  acreage  is  dependent  on  artesian 
flow  under  these  conditions,  the  installation  of  pumping  machinery 
may  become  necessary  in  order  to  insiu'e  the  continuance  of  an  ade- 
quate water  supply. 

As  against  these  disadvantages,  which  have  been  rather  fully  out- 
lined, as  is  essential  in  any  frank  and  therefore  useful  discussion,  are  to 
be  placed  r^fularity  and  relative  constancy  of  the  supply  and  its  avail- 
ability at  all  times,  as  compared  with  the  fluctuations  of  surface  waters 
unavailable  except  during  the  flood  season  to  any  but  the  owners  of 
the  oldest  rights.  An  added  advantage  where  the  landowner  owns 
his  wdl  is  his  complete  control  over  his  water  supply.  He  may 
irrigate  when  and  how  he  will,  and  thus  most  economically,  and  is  not 
dependent  upon  the  adjustment  of  supply  among  a  number  of  users 
from  a  common  source. 
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B7  R.  6.  Doix. 
IMPOBTAXCS  OF  QITAIJTY. 

The  wide  range  in  the  mino^  ccmtoit  mnd  ccxiseqiiently  in  the  nse- 
fofaiess  of  the  ground  waters  of  San  Joaquin  VaDev  makes  it  neces- 
sary to  know  their  composition  h^ore'  midertaking  water  projects 
inrolving  any  considerable  expoiditnre.  Most  oi  the  surface  nm-ofif 
may  be  used  indefinitely  in  irrigation  without  ddeterioos  effect,  and 
gromid  water  nearly  as  good  can  be  obtained  in  many  parts  of  the 
region,  while  certain  aqoifers  yield  sopi^ies  abundant  in  quantity 
but  so  highly  mineralized  that  they  are  poiscmous  to  vegetation.  In 
the  estimation  of  the  railroad  locatOT  the  amount  of  dissolved  solids 
throughout  the  entire  area  is  such  as  to  make  the  quality  of  the  water 
supplies  equal  in  importance  to  quantity.  Softening  plants  are 
necessary  on  the  west  side,  and  railroads  are  obliged  to  haul  water  to 
several  stations,  where  the  available  supplies  are  unfit  for  steaming. 
In  further  extension  of  railroads  through  some  townships  the  diffi- 
culty of  procuring  suppUes  that  can  be  rendered  suitable  for  locomo- 
tives win  doubtless  make  quality  of  water  the  determining  factor  in 
the  location  of  tanks,  stations,  and  roundhouses.  The  wineries, 
breweries,  ice  factories,  and  laundries  also  must  have  water  of  proper 
quality,  and  the  establishment  of  paper  mills,  strawboard  mills, 
starch  factories,  sugar  works,  and  other  water-consuming  mills  of 
industries  closely  related  to  modem  farming  will  make  the  quality 
of  this  important  raw  material  a  still  more  pressing  problem.  At 
present  the  needs  of  irrigation  turn  attention  to  all  possible  sources, 
because  the  demands  of  intensive  farming  have  so  far  exceeded  the 
available  surface  supply  that  underground  waters  are  largely  utilized 
and  are  depended  on  exclusively  in  some  districts.  This  rapidly 
increasing  draft  on  the  ground  reservoirs  will  ultimately  bring  about 
complete  utilization  of  all  supplies  that  can  be  safely  applied  under 
careful  supervision  and  improved  methods  of  irrigation. 

Study  of  the  chemical  characteristics  of  water  in  this  region  is  par- 
ticularly interesting  because  of  the  great  variety  of  conditions  that 
affect  the  mineral  content.  The  east  side  of  the  valley,  filled  with 
alluvium  derived  from  hard,  difficultly  soluble  rocks  and  furnished 
with  water  from  the  granitics  of  the  Sierra,  yields  supplies  entirely 
distinct  in  composition  from  those  of  the  alluvium  of  the  west  side, 
which  has  been  washed  down  from  the  gypsiferous  sedimentaries  of 
38 
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ti»  Coast  Range.  The  amount  of  rainfall  decreases  southward  from 
that  of  the  semihumid  country  around  Suisun  Bay  to  that  of  the 
arid  r^on  in  lower  Kern  County,  the  average  annual  precipitation 
at  Lodi  being  about  18  inches,  at  Fresno  9  inches,  and  at  Bakersfiel^ 
ooly  5  inches.  Both  ground  and  surface  waters  are  affected  in 
composition  not  only  by  this  progressive  decrease  of  precipitation 
from  north  to  south  but  also  by  the  equally  apparent  difference  in  the 
amount  of  water  received  by  the  two  sides  of  the  valley.  As  the  total 
precipitation  on  the  west  slopes  of  the  Sierra  is  much  greater  than 
that  on  the  east  side  of  the  Coast  Range  the  streams  of  the  east  side 
of  the  valley  exceed  those  of  the  west  side  in  size  and  nimiber,  and  a 
proportionate  difference  in  quantity  of  groimd  water  is  reflected  in 
it8  composition.  A  relation  between  topography  and  quality  is 
traceable  in  the  low  ridges  of  the  deltas,  which  favor  the  deposition 
of  salts  by  confining  strong  solutions  in  small  basins,  thus  establish- 
ing tracts  where  wells  yield  highly  mineralized  water.  Changes  in 
mineral  content  due  to  irrigation  are  shown  by  dilution  of  normal 
water  in  some  sections  and  accimiulation  of  alkali  in  others.  The 
mfluence  of  these  conditions  of  climate,  geology,  and  economic  devel- 
opment on  the  composition  of  the  mineral  matter  makes  study  of  the 
water  instructive  and  pleasmrable,  while  the  agricultural  and  indus- 
trial interests  that  are  involved  render  the  results  of  great  immediate 
value. 

SOURCES  OF  DATA. 

Most  of  the  conclusions  r^arding  the  quaUty  of  the  groimd  waters 
are  based  on  the  results  of  400  partial  assays  made  by  the  writer  dur- 
ing the  fall  of  1910.  Information  regarding  the  effect  of  the  waters 
in  irrigation,  steaming,  and  other  uses  was  obtained  by  visiting  about 
oOO  wells.  The  general  plan  of  the  field  study  was  to  travel  back  and 
forth  across  the  axis  of  the  valley  and  to  test  as  many  samples  as  pos- 
sible from  wells  of  different  depths  near  what  was  clearly  recognized 
as  the  critical  area — that  along  the  axial  line.  Though  this  scheme 
was  generally  successful  wells  sufficiently  varied  in  depth  could  not 
be  found  in  some  locahties,  and  the  onset  of  the  rainy  season  finally 
prevented  the  completion  of  studies  in  Kern  County.  Fifty  samples 
of  water  were  analyzed  by  Mr.  F.  M.  Eaton,  of  San  Francisco,  in  order 
to  supply  more  complete  information  regarding  certain  sources  and 
to  afford  a  check  on  the  field  assays.  In  addition  a  few  waters  were 
wialyzed  by  Mr.  Walton  Van  Winkle.  The  locations  of  the  waters 
that  have  been  tested  are  shown  in  Plate  II  (in  pocket). 

The  quality  of  the  surface  waters  was  so  thoroughly  investigated 
hy  Van  Winkle  and  Eaton*  that  it  was  not  necessary  to  make  any 
further  tests,  and  statements  herein  about  the  mineral  content  of  the 
surface  waters  are  based  entirely  on  their  work. 

'Van  Winkle,  Walton,  and  Eaton,  F.  M.,  The  quality  of  the  surCaoe  waters  of  California:  U.  8.  Oeol. 
ftimy  Water-supply  Paper  237,  ma 
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Valuable  knowledge  r^arding  the  composition  of  the  ground 
waters  is  afforded  by  miscellaneous  analyses  performed  at  the  a^- 
cultural  experiment  station  of  the  University  of  California;  as  these 
analyses  are  in  such  form  that  it  is  not  practicable  to  incorporate  them 
in  the  general  part  of  this  report  they  are  appended  in  a  separate  table. 
Special  acknowledgment  is  due  to  Mr.  Howard  Stillman,  engineer  of 
tests,  Southern  Pacific  Co.,  and  to  Mr.  W.  A.  Powers,  chief  chemist 
of  the  Santa  Fe  Railway  Co.,  for  placing  at  the  disposal  of  the  Survey 
analyses  of  the  water  supplies  along  the  rights  of  way  of  these  rail- 
roads. 

CONDITIONS  OF  COULECTION  OF  SAMPLES. 

Though  the  mineral  content  of  water  from  shallow  wells  in  humid 
regions  is  materially  lessened  by  the  dilution  following  heavy  rainfall, 
an  opposite  effect  is  produced  by  similar  rainfall  in  areas  of  low  pre- 
cipitation because  the  water  in  a  humid  region  percolates  downward 
through  layers  that  have  been  deprived  of  their  easily  soluble  matter 
by  long-continued  leaching,  whereas  the  sinking  water  on  arid  land 
dissolves  the  alkali  in  the  upper  soil  and  carries  more  or  less  of  it  into 
the  wells,  which  ordinarily  draw  their  supplies  from  below  the  belt  of 
concentrated  alkali.  As  the  dry  soils  in  arid  regions  are  either  highly 
absorbent  or  impervious  occasional  hght  rains  do  not  affect  shallow 
wells,  but  long-continued  transmission  of  such  nearly  pure  water,  such 
as  occurs  near  canals  and  in  dry  watercourses,  removes  the  soluble 
salts  from  the  ground  so  that  shallow  wells  in  the  immediate  vicinity 
yield  better  water  than  those  farther  away.  Deep  wells  are  certainly 
affected  by  long-continued  periods  of  drought  or  rainfall,  but  how 
soon,  to  what  extent,  and  in  what  manner  are  problems  for  which 
there  is  only  theoretical  solution.  Consequently,  as  the  concentra- 
tion of  shallow-well  waters  in  San  Joaquin  Valley  might  be  changed 
by  heavy  rainfall  the  conditions  of  precipitation  during  the  year  in 
which  the  samples  were  taken  may  be  noted. 


Tablt:  6.— Inches  of  precipitation  in  San  Joaquin 

Valley  during  1910 

I 

station. 

County. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Deo. 

Y«tf. 

LodL....... 

San  Joaquin... 

2.35 

1.76 

2.53 

0.15 

0.02 

Tr. 

0.00 

0.00 

0.46 

0.32 

0.21 

1.37 

%9t 

Farmington. 

do.. 

3.24 

2.26 

3.70 

.17 

.05 

0.00 

.00 

.00 

.50 

.38 

.38 

.94 

1L« 

Tracy 

Oftkdale 

do 

1.9(1 

i.ai 

.00 

.00 

.00 

.00 

.10 

.a-v 

.43 

.    .• 

Stanislaus. .... 

2.96 

,83 

3.28 

.34 

.mi 

.00 

.00 

.00 

.29 

.16 

.39 

.«7 

8.97 

Dcnair...... 

do 

i.se 

.55 

3.00 

,72 

.01 

.00 

.00 

.00 

,2t> 

.04 

.04 

.02 

*■!! 

Newman 

do 

l.W 

.2« 

2.60 

.19 

.OLV 

.00 

.00 

.00 

.52 

.12 

.19 

.51 

6.9 

LeOrand... 

Merced 

2.10 

.48 

1.88 

.83 

.00 

.00 

.20 

.00 

.30 

.83 

.73 

.2S 

7.ei 

Los  Bancs... 

do 

3.22 

.30 

2.03 

.00 

.00 

.00 

.00 

,25 

.28 

.26 

.47 

&tll 

Slorev 

Madera 

.67 

.50 

1.4(] 

.49 

.00 

.00 

.00 

.00 

.75 

.80 

.26 

Fresno 

Fresno 

1.22 

.21 

1.2« 

.27 

Tr. 

Tr. 

Tr. 

.00 

1.00 

.45 

.24 

,21 

49 

Selraa 

do......... 

2.oa 

.14 

1.00 

.35 

.00 

.00 

.00 

.00 

1.50 

.65 

.33 

.47 

&4i 

Hanford 

Klnjra 

2.40 
2.37 

.00 
.22 

i.m\ 

.00 
.00 

.00 
.04 

.00 
.00 

'*'.'i4 

.31 
.64 

'."36 

Las 

PortersvUlo . 

Tulare 

.34 

.00 

7.» 

Anglola 

do 

.66 

.00 

1.45 

.00 

.00 

.00 

.00 

.8a 

.67 

.30 

M 

...•■- 

Wasco 

Kern 

1.79 

.00 

,m 

.if> 

.00 

.00 

.00 

.00 

.85 

.26 

.19 

.7C 

4.63 

Bakersflfild . 

do 

1.15 

.22 

1.20 

.00 

.00 

.00 

.00 

.00 

.00 

.83 

1.37 

.M 

5.il 

I  Compiled  from  the  IConthly  Weatlier  Review,  U.  8.  Dept.  Agr.,  Weather  Bureau,  1910. 


Digitized  by  VjOOQIC 


METHODS  OP  EXAMINATION.  41* 

TTie  total  pieoipitation  in  the  valley  for  the  year  was  considerably 
less  thui  the  average  during  the  preceding  10  years,  the  northern 
stations  showing  greater  deficiency  than  the  southern  ones.    Accord- 
ing to  Table  6,  in  which  the  records  of  16  selected  stations  are  arranged 
in  geographical  order  from  north  to  south,  one-half  to  three-fourths 
of  the  rain  fell  during  the  first  four  months  of  the  year.    There  was 
practically  no  rain  at  all  between  April  and  the  middle  of  September, 
and  all  the  streams  throughout  the  valley  were  markedly  low  during 
that  period.     Unusually  early  and  heavy  rainfall  took  place  Septem- 
ber 14,  15,  and  16,  but  as  the  ground  had  been  so  long  without  rain 
the  effect  of  the  influx  on  the  quality  of  the  groimd  water  was  prob- 
ably inappreciable.     Some  slight  showers  occurred  during  October, 
but  they  were  barely  sufficient  to  dampen  the  surface  of  the  groimd 
and  are  n^ligible.    More  rain  fell  during  November,  but  the  field 
work  had  been  carried  by  that  time  below  Fresno  into  the  semiarid 
region  where  the  precipitation  was  proportionately  light.    The  stream 
discharges  were  httle  affected  by  the  November  rains.    The  rainfall 
daring  December  was  far  below  normal,  though  the  showers  through- 
oat  Eem  County  were  heavy  enough  to  make  the  groimd  muddy. 
Field  work  was  discontinued  December  6,  but  a  few  samples,  espe- 
cially from  deep  wells  in  Fresno  County,  were  collected  the  middle  of 
December.     Evidently,  therefore,  the  Samples  were  collected  during 
or  after  the  dry  season  before  the  groimd  could  be  affected  by  winter 
rains,  and  in  a  year  of  exceptionally  low  precipitation;  consequently 
the  mineral  content  of  the  waters  may  be  considered  to  be  normal. 
The  greatest  deviations  from  what  may  be  looked  upon  as  normal  were 
found  in  waters  from  shallow  wells  near  stream  beds  or  flooded  irriga- 
tion ditches,  but  such  conditions  could  easily  be  recognized,  and  they 
have  been  noted  in  the  detailed  descriptions. 

METHODS  OF  EXAMINATION. 
FIELD  ASSAY. 

As  the  limited  time  and  funds  for  the  work  prohibited  complete 
analysis  of  all  the  samples  and  as  such  analyses  of  only  a  few  waters 
could  not  be  typical  of  waters  over  large  areas,  it  was  decided  to 
test  a  great  many  waters  as  nearly  correct  in  the  field  as  such  work 
can  be  done  and  to  amplify  and  corroborate  these  data  by  a  few 
laboratory  analyses.  The  methods  of  assay  described  by  Leighton  * 
were  employed  in  the  field  work,  determinations  being  made  of  total 
hardness,  and  the  carbonate,  bicarbonate,  sulphate,  and  chloride 
radicles.    Color  also  was  estimated  in  a  few  waters. 


»  Leighton,  M.  C,  Field  assay  of  water:  U.  8.  GeoL  Survey  Water-Supply  Paper  151, 1905. 
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CARBONATE   AND   BICARBONATE. 

For  the  carbonate  test  10  drops  of  a  1  per  cent  solution  of  phenol- 
phthalein  was  added  to  100  cubic  centimeters  of  the  water  in  a  glazed 
white  porcelain  mortar,  and  the  solution  was  then  titrated  with 
tablets  of  sodium  acid  sulphate,  each  of  which  was  equivalent  to 
about  1  miUigram  of  carbonate  (COs).  Few  waters  contained  normal 
carbonate;  consequently  a  qualitative  test  with  the  indicator  was 
sufficient  to  show  their  absence.  Quarters  of  tablets,  made  by  she- 
ing  with  a  knife,  were  used  for  more  accurate  estimation.  Some 
tablets  were  then  dissolved  in  a  fresh  portion  of  water  to  which  2 
drops  of  a  one-tenth  per  cent  solution  of  methyl  orange  had  been 
added,  and  the  mixture  was  titrated  with  the  water  to  an  alkaline 
reaction.     The  amount  of  bicarbonate  was  computed  by  the  formula 

lOOOnA      J. 

in  which  W  =  amount  of  water  in  cubic  centimeters,  A=the  value  of 
1  tablet  in  milligrams  of  HCOg,  n  =  the  number  of  tablets,  x  =  parts 
per  miUion  of  IMX)^,  and  B  =  parts  per  million  of  CX)g  as  determined 
by  the  previous  test. 

CHLORINE. 

A  measured  amount  of  the  water,  to  which  5  drops  of  a  5  per  cent 
solution  of  potassium  chromate  had  been  added,  was  titrated  in  the 
mortar  with  tablets  containing  silver  nitrate,  which  were  crushed  and 
triturated  by  a  pestle.  The  content  of  chlorine  in  parts  per  miUion 
can  be  calculated  from  the  number  and  the  standard  of  the  tablets 
and  the  amount  of  water.  Two  strengths  of  tablets  were  used,  one 
having  an  equivalent  of  about  1  milligram  and  the  other  about  10 
milligrams  of  chlorine.  Chlorines  less  than  300  parts  were  estimated 
in  50  cubic  centimeters  of  water  with  the  weaker  tablets  cut  in  quar- 
ters. Titration  of  greater  amounts  was  commenced  with  the 
stronger  tablets,  and  waters  containing  more  than  2,000  parts  per 
million  of  chlorine  were  diluted  with  distilled  water  before  titration. 

SUI.PHATE. 

For  estimation  of  sulphate  100  cubic  centimeters  of  the  water 
was  shghtly  acidulated  with  hydrochloric  acid  (1 — 1),  about  1  gram 
of  moderately  coarse  crystals  of  barium  chloride  was  added,  and  the 
cold  mixture  was  vigorously  shaken  imtil  the  crystals  were  completely 
dissolved.  This  treatment  precipitates  barium  sulphate  in  a  finely 
divided  state,  and  imparts  to  the  Hquid  a  turbidity  the  degree  of 
which  is  proportional  to  the  amount  of  sulphate  and  can  be  de- 
termined in  the  turbidimeter.     This  instrument  consists  essentially 
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of  a  glass  tube  inclosed  in  an  open-bottomed  brass  tube  suspended 
by  a  largo-headed  tripod  over  a  standard  candle,  whose  flame  is 
kept  automatically  3  inches  from  the  bottom  of  the  glass  tube. 
The  latter  is  graduated  in  millimeters  from  bottom  to  top  in  one 
scale  and  in  cubic  centimeters  in  another,  so  that  it  serves  both  as 
a  depth  measure  for  turbidity  readings  and  as  a  graduate  for  general 
use.  The  Uquid  containing  the  precipitate  of  barium  sulphate,  after 
being  thoroughly  agitated,  was  poured  into  the  graduated  tube  until 
the  image  of  the  flame  disappeared.  The  depth  in  millimeters  of  the 
liquid  in  the  tube  was  then  read  across  the  bottom  of  the  meniscus, 
and  the  corresponding  amoimt  of  the  sulphate  radicle  (SO4)  was 
found  by  reference  to  the  rating  table  of  the  turbidimeter.  The 
readings  were  made  in  a  darkened  place  and  usually  after  dark.  It 
was  customary  to  average  the  results  obtained  on  three  or  more 
precipitations.  Direct  readings  were  made  for  amoimts  between 
30  and  400  parts  per  miUion,  and  less  than  30  parts  were  estimated 
as  trace,  5,  10,  or  20  parts  by  the  turbid  appearance  of  the  mixture. 
Appropriate  dilutions  were  made  for  amounts  exceeding  400  parts. 

TOTAL   HARDNESS. 

Total  hardness  is  determined  in  the  field  tests  by  adding  to  a 
measured  amount  of  the  water  tablets  containing  a  known  amount  of 
sodium  oleate  until  the  liquid  after  vigorous  shaking  forms  a  foam 
that  does  not  break  in  five  minutes  while  the  bottle  rests  in  a  horizontal 
position.  This  substitution  of  tablets  for  the  soap  solution  commonly 
employed  in  the  laboratory  is  entirely  satisfactory  from  the  standpoint 
of  accuracy,  and  it  also  obviates  carrying  a  bulky  bottle  of  soap,  but 
so  many  tests  had  to  be  made  and  the  time  consmned  in  grinding 
the  oleate  tablets  is  so  considerable  that  it  was  more  economical  to 
use  a  short  burette  and  an  alcohoUc  solution  of  Castile  soap  each 
cubic  centimeter  of  which  was  equivalent  to  about  1  miUigram  of 
CaOOj.  Fifty  cubic  centimeters  of  water  was  titrated,  allowance 
being  made  in  computing  the  hardness  for  the  soap  consumed  by 
50  cubic  centimeters  of  distilled  water.  So  much  dependence  is 
placed  on  the  estimate  of  total  hardness  in  interpreting  the  results  of 
the  field  assays  that  dilutions  with  distilled  water  were  frequently 
made  in  order  that  interference  by  the  insoluble  soaps  of  the  alkaline 
earths  might  be  avoided. 

PROBABLE   ACCURACY. 

Thirty-two  waters  that  were  analyzed  by  Mr.  F.  M.  Eaton  were 
also  assayed  in  the  field,  and  the  results  of  analyses  and  assays  are 
compared  in  Table  7.  The  bicarbonate  and  carbonate  in  both  sets 
have  been  recomputed  to  CO,  because  changes  in  the  condition  of 
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the  carbonates  during  the  time  between  assay  and  analysis  make 
comparison  difficult  unless  this  is  done.  The  computation  does  not 
aflfect  the  accuracy  of  the  results  in  any  way. 

Tablb  7. — Comparison  of  field  and  laboratory  retulU  of  the  examination  of  St  waUn 

from  San  Joaquin  Valley. 

(Parts  per  mifiion.] 


No. 

rarbonmte  radicle 
(CO,). 

Sotphato  radicle 

(800. 

Chlorine  (01). 

Total  bardneas  as 
CaCO^ 

FleW. 

Labon^ 
tory. 

Field. 

Labora- 
tory. 

Field. 

Lebon^ 
tory. 

Field. 

Labora- 
tory.* 

1 

24 
34 
37 
36 
40 
60 
50 
67 
60 
50 
75 
63 
73 
44 
99 
64 
80 
87 
46 
147 
115 
185 
87 
75 
72 
82 
88 
77 

860 

38 

25 
35 
39 
40 
44 
66 
38 
73 
65 
57 
78 
65 
81 
44 
103 
65 
92 
83 
45 
159 
101 
198 
95 
70 
76 
96 
94 
68 
962 
108 
841 
42 

5 
Tr. 
Tr. 

10 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

5 
Tr. 
Tr. 

5 
20 
Tr. 
Tr. 
Tr. 
55 
Tr. 
Tr. 

10 

5 
305 
52 
800 
764 
828 
471 
Tr. 
1,640 

5 

5 

0 

2L9 

0 

8.2 

0 

0 

0 

0 

0 

7.0 

8.7 

4.1 

1.6 
66 

6.6 

0 

0 
45 

0 

0 

0 

4.9 
541 
45 
713 
600 
711 
441 

0 
718 

0 

0 

10 

5 

10 

15 

30 

10 

25 

15 

20 

35 

15 

25 

20 

50 

5 

55 

35 

55 

110 

20 

65 

280 

115 

470 

85 

165 

125 

445 

490 

210 

1,380 

4,110 

5.4 

6.0 

8.0 

14 

25 

5.9 

22 

15 

15 

85 

10 

22 

19 

48 

6.0 

51 

35 

58 

112 

22 

64 

279 

128 

433 

86 

153 

122 

481 

492 

196 

1,418 

4,310 

41 

51 

59 

40 

63 

84 

87 

151 

111 

51 

122 

3 

94 

96 

24 

68 

44 

250 

28 

11 

68 

28 

80 

506 

810 

953 

854 

162 

535 

1,220 

59 

1,838 

48 

2 

47 

8 

51 

4 

42 

5 

76 

6 

80 

7 

40 

8 

144 

0 

113 

10 

56 

11 

114 

12 

19 

13 

94 

14 

123 

15 

88 

16 

67 

17 

59 

18 

160 

19 

28 

20 

21 

26 
71 

22 

31 

23 

91 

24 

450 

25 

754 

26 

098 

27 

1,087 

28 

120 

29 

30 

655 

1,240 

SO 

31 

32 

2,773 

•  Computed  from  values  (or  calcium  and  magnesium. 

In  Eaton *s  tests  100  cubic  centimeters  of  water  was  evaporated  to 
(hyness,  and  the  residue  was  dried  at  180®  C.  for  estimation  of  dis- 
solved solids.  Iron  was  estimated  colorimetrically  and  calcium  and 
magnesium  gravimetrically  in  that  residue.  Carbonate,  bicarbonate, 
and  chloride  were  determined  by  titration  in  ordinary  manner,  and 
sulphate  by  precipitating  and  weighing  as  bariimi  sulphate  the  sul- 
phate in  100  cubic  centimeters  of  the  sample.  The  content  of  the 
alkalies,  expressed  as  parts  per  million  of  sodium,  was  computed  from 
these  estimates  by  means  of  the  following  formula.  The  symbols 
represent  the  amounts  in  parts  per  million  of  the  radicles,  and  their 
respective  coefficients  are  obtained  by  dividing  their  valences  by 
their  molecular  weights. 

Na = 23  (O.0333CO3  +  0.0 164HCO. + O.O2O8SO4 + 0.02820 
-0.0499Ca-0.082lMg). 
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The  two  sets  of  carbonate  .determinations  in  Table  7  show  numerical 
differences  ranging  from  0  to  134;  only  one  set,  however,  has  a  relative 
difference  exceeding  14  per  cent  and  the  average  difference  of  the 
other  31  sets  is  7  per  cent.  This  is  not  imreasonable  in  view  of  the 
better  li^t  and  other  facilities  in  the  laboratory,  and  it  should  be 
remembered  also  that  all  the  figures  are  results  of  single  determina- 
tions with  unusually  small  quantities  of  water.  The  usual  error  in 
the  determinations  of  low  chlorines  by  field  assay  is  5  parts  or  less 
because  most  of  the  estimates  were  performed  with  50  cubic  centi- 
meters of  water.  The  average  difference  of  the  11  sets  of  figures  ex- 
ceeding 100  parts  per  million  is  less  than  6  per  cent.  Evidently  field 
estimates  of  chlorine  should  be  expressed  not  more  exactly  than  to 
die  nearest  5  parts  per  million  and  not  more  than  three  significant 
figures  should  be  given. 

As  total  hardness  was  not  determined  in  the  laboratory,  a  com- 
parative figure  has  been  calculated  from  the  amounts  of  calcium  and 
magnesium  by  means  of  the  following  formula,  in  which  H,  Ca,  and 
Mg  represent  respectively  total  hardness  as  CaCO,,  calcium,  and  mag- 
nesium in  parts  per  million: 

H=2.5Ca  +  4.lMg. 

Though  this  formula  expresses  the  theoretical  relation  between 
the  amounts  of  calcium  and  magnesium  and  the  hardness  foimd  by 
titration  with  soap  and  conventionally  expressed  as  CaCOg  actual 
determinations  do  not  agree  exactly,  because  the  soap  titration  is 
subject  to  obscure  errors  and  because  the  form  of  computation  mag- 
nifies errors  in  the  estimates  of  the  bases.  Yet  review  of  the  columns 
showing  total  hardness  indicates  that  the  results  obtained  by  titra- 
tion convey  an  approximate  idea  of  the  amoimt  of  the  alkaline-earth 
bases,  though  the  proportionate  differences  of  single  determinations 
are  fairly  high.  Possibly  more  nearly  accurate  estimates  could  have 
been  made  by  using  a  weaker  soap  solution  and  greater  dilutions. 

The  estimates  of  appreciable  amounts  of  sulphate  are  too  few  to 
permit  computation  of  a  probable  error,  but  it  is  apparent  that  the 
procediu*e  gives  estimates  near  enough  to  the  correct  values  for  use 
in  approximate  classification.  The  field  estimate  of  sulphate  in  set 
No.  14  is  obviously  incorrect,  and  other  computations  indicate  that 
the  laboratory  report  of  sulphate  in  set  No.  30  is  one-half  what  it 
should  be.' 

'Setftbo  Dole,  R.  B.,  The  field  aasay  of  water:  Eng.  News,  vol.  M,  p.  145, 1910;  Rapid  examination  of 
vitv  in  geokigio  surveys  of  water  resources:  Eoon.  QwUjgSi,  voL  6,  June,  1911. 
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INTERPRETATION  OF  RESULTS. 

For  the  purpose  of  ascertaining  how  much  dependence  may  be 
placed  on  field  assays — that  is,  how  interpretations  of  them  compare 
with  those  of  examinations  more  carefully  made  and  also  how  far 
such  interpretations  agree  with  practical  experience  in  using  the 
waters  in  question — certain  values  have  been  computed  from  the 
data  of  the  32  analyses  and  assays  of  the  same  waters  in  Table  7,  and 
notes  have  been  made  of  the  known  uses  of  the  waters.  The  values 
in  the  columns  headed  *' Field,"  in  Table  8,  are  calculated  from  the 
assays  and  in  those  headed  '' Laboratory/'  from  Eaton's  more  com- 
plete analyses,  except  the  figure  for  total  solids  in  the  laboratory 
results,  which  was  obtained  directly  by  weighing  the  residue  dried 
at  180^  C.  The  computations  and  classifications  are  made  by  means 
of  formulas  and  ratings  explained  on  pages  50-82. 
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Xeariy  all  the  numerical  differences  in  the  computed  amounts 
become  insignificant  when  the  values  are  interpreted  according  to  the 
ntings  that  are  discussed  on  pages  50-82.     For  example,  the  differ- 
ence between  the  alkali  coefficients  of  the  first  two  waters  is  very 
great,  but  as  any  value  exceeding  18  indicates  a  water  good  for 
irrigation  the  discrepancy  of  the  computed  coefficients  is  negligible. 
The  coefficients  agree  more  closely  as  the  concentration  of  the  mineral 
matter  increases  so  that  the  two  sets  of  figures  are  nearly  alike  for 
the  poorer  wat^^.    The  distinction  in  set  No.  16,  which  is  the  only 
pair  in  which  a  difference  of  interpretation  occurs,  is  due  only  to 
strict  application  of  the  rating  according  to  which  the  coefficient,  18, 
b  the  dividing  line  between  "good"  and  "fair"  waters.    The  notes 
under  "Remarks"  show  that  the  classification  coincides  with  expe- 
ri«ice  in  applying  the  waters  to  crops.     Five  of  those  rated  as  good 
fw  irrigation  and  four  of  those  rated  as  fair  have  been  used  for 
several  years  on  various  cultures  without  apparent  trouble.     No.  17, 
rated  as  fair,  is  to  be  used  for  irrigating  alfalfa.     No.  25,  a  calcium 
sulphate  water  high  in  mineral  matter  but  rated  as  good  for  irriga- 
tion, has  been  used  on  a  variety  of  small  cultures  for  one  year  without 
apparent  harm,  while  it  is  said  that  No.  30,  which  is.  in  the  same 
nei^borhood  but  is  distinctly  more  highly  mineralized,  can  be  used 
to  irrigate  nothing  but  alfalfa,  probably  an  old  growth.     No.  22, 
classed  as  poor,  is  on  an  abandoned  farm,  but  it  is  reported  to  have 
been  unsuccessfully  used  for  irrigating  grain.     None  of  the  other 
suppUes  rated  as  poor  or  bad  is  applied  to  crops.     Many  of  the  differ- 
ences in  the  computed  values  of  scale-forming  and  foaming  con- 
stituents become  insignificant  in  classification,  yet  five  sets  show 
distinction  in  class;  the  differences  in  sets  Nos.  2,  12,  and  21  are 
caused  by  strict  application  of  the  rating  tables  to  estimates  that 
»re  rather  close  to  the  lines  of  division,  and  they  illustrate  well  the 
difficulty  that  is  always  experienced  in  attempting  to  translate  the 
figures  of  an  analysis  into  descriptive  adjectives.     For  example,  the 
small  difference  of  10  parts  per  million  in  the  estimates  of  scale- 
fonning  ingredients  in  set  No.  2  changes  the  classification.     No 
importance  can  be  attached  to  the  difference  between  3  and  30,  the 
estimated  amounts  of  foaming  constituents  in  the  first  water,  because 
both  numbers  are  far  below  the  point  where  the  foaming  tendency 
must  be  considered;  similarly,  the  numerically  large   discrepancy 
in  corresponding  values  for  No.  23  has  no  practical  significance  as 
either  estimate  indicates  that  the  water  would  foam  badly.     An 
mcorrect  determination   of   total  hardness  is  responsible  for   the 
difference  in  the  computed  values  of  the  foaming  constituents  in 
No.  27,  and  an  unexplained  but  obvious  difference  in  the  estimates 
of  sulphate  accoimts  for  a  like  difference  in  No.  30,  but  neither  pre- 
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vents  proper  classification  ct  the  watos  in  respect  to  their  value 
for  boiler  use.  The  compated  amounts  of  total  solids  agree  well 
with  those  det^mined  by  weighing,  except  in  No.  14,  where  the 
difference  in  classification  is  traceable  to  the  difference  in  sulphate 
already  mentioned. 

Alt<^ther  this  comparison  demcHistrates  one  of  the  many  practical 
pmposes  for  which  rapid  methods  of  water-testing  are  economical — 
for  selecting  waters  that  are  extremely  good  or  extremely  bad,  thus 
greatly  reducing  the  number  of  samples  that  must  be  sent  to  the 
laboratory  for  detailed  and  much  more  expensive  analysis.  Field 
assays  afford  estimates  of  much  practical  value  when  they  are  inter- 
preted by  the  broad  standards  proper  for  water  ratings,  though  they 
can  never  rival  complete  analyses  in  accuracy  or  in  general  availa- 
bihty.  The  comparative  inexpensiveness  of  the  assay  oj>ens  a  large 
and  legitimate  field  of  activity,  for  by  means  of  it  agriculturists,  geolo- 
gists, chemists,  and  others  engaged  in  water  investigations  can  obtain 
information  regarding  mineral  constituents  general  in  character  but 
essentially  practical.  The  rapidity  with  which  the  assays  can  bo 
made  makes  it  possible  to  perform  the  large  number  of  examinations 
necessary  in  studying  the  quahty  of  water  over  any  extensive  area. 

PBOCBDUBES  OF  THE  80TJTHBBK  PACIFIC  CO. 

A  large  proi>ortion  of  the  miscellaneous  analyses  were  performed  in 
the  laboratory  of  the  Southern  Pacific  Co.  at  Sacramento.  By  the 
procedures  of  that  laboratory  the  residue  from  1,000  cubic  centimeters 
of  the  sample,  after  having  been  dried  at  160^  C.  to  a  constant  weight, 
is  separated  into  a  soluble  and  an  insoluble  portion  by  treatment 
with  150  cubic  centimeters  of  hot  distilled  water.  SiUca,  calcium, 
and  magnesiimi  are  estimated  in  each  portion,  and  the  alkaUes  in  the 
soluble  portion  are  calculated  by  difference.  Chloride,  sulphate, 
nitrate,  and  carbonate  are  estimated  in  separate  portions  of  water 
by  common  methods.  The  results  of  these  tests,  stated  by  the  ana- 
lyst in  the  form  of  compounds,  have  been  computed  to  ionic  form 
in  parts  per  million  in  order  that  they  may  be  comparable  with  other 
tests. 

STANDARDS  FOR  CLASSIFICATION, 

MINERAL  CONSTTTUBNTS  OF  WATER. 

AU  natural  waters  contain  dissolved  or  suspended  materials  with 
which  they  have  come  into  contact.  They  take  up  such  materials 
in  amoimts  determined  principally  by  the  chemical  composition  and 
physical  structure  of  the  substances,  by  the  temperature,  pressure, 
and  duration  of  their  contact,  and  by  the  condition  of  substances 
that  they  have  previously  incorporated.     For  purposes  of  examination 
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the  sabstanoes  that  may  be  present  in  natural  waters  are  classified 
as  sosp^ided  matter,  such  as  particles  of  clay  or  leaves;  dissolved 
matter,  either  of  mineral  or  organic  origin;  microscopic  animals  or 
plants;  and  bacteria.  The  presence  of  very  small  animals  and  plants 
likely  to  aflFect  the  quality  of  water  is  determined  by  microscopic 
examination,  and  the  chance  of  contracting  disease  by  drinking  the 
water  is  ascertained  by  bacteriologic  processes.  The  amount  and 
nature  of  the  mineral  ingredients  are  most  conmionly  determined  by 
estimating  the  total  suspended  matter,  total  dissolved  matter,  total 
hardness,  total  alkalinity,  silica,  iron,  aluminum,  calcium,  magnesiimi, 
sodium,  potassium,  carbonate,  bicarbonate,  sulphate,  nitrate,  chloride, 
free  carbonic  acid,  and  free  hydrogen  sulphide,  these  being  the  ma- 
terials most  commonly  present  and  most  likely  to  affect  the  value 
of  the  waters. 

WATBB  FOR  IBBIOATIOK. 
SOURCE  OF  ALKALI. 

Many  mineral  substances  are  injurious  to  vegetation,  but  the  only 
ones  that  are  ustially  abundant  enough  to  demand  attention  are  com- 
pounds of  sodiimi,  or,  as  they  are  commonly  termed,  *'the  alkalies." 
Though  potassiimi  in  nominal  quantity  is  a  plant  food,  it  is  usually 
not  separated  from  sodium  in  conmiercial  analyses  of  water,  the  two 
bases  being  estimated  together  and  reported  as  sodium ;  but  as  the 
proportion  of  potassium  in  highly  mineralized  waters  is  commonly 
low  compared  with  that  of  sodiimi  this  disregard  of  potassium  does 
not  lead  to  any  considerable  error  in  judging  the  value  for  irrigation. 
During  the  natural  decomposition  or  rotting  of  rocks  and  soils  salts 
of  the  alkalies,  easily  soluble  in  water,  are  formed.  These  com- 
pounds are  leached  from  the  soil  and  washed  away  in  regions  where 
plenty  of  rain  falls,  and  consequently  they  do  not  become  concen- 
trated enough  to  damage  crops;  but  wherever  the  rainfall  is  insuffi- 
cient to  effect  this  removal  such  materials  continually  increase,  and 
the  proportion  of  them  may  become  so  great  that  plants  are  stimted 
or  killed  and  the  ground  becomes  improductive. 

Acciunulations  of  alkali  can  also  be  caused  in  another  way.  All 
waters  that  penetrate  the  groimd  either  naturally  or  as  a  result  of 
inigation  contain  these  salts  in  solution,  and  evaporation  of  the 
water,  leaving  the  salts,  adds  to  the  supply  that  has  been  formed  by 
decomposition  of  rock.  Such  concentration  of  soluble  salts  has  been 
taking  place  for  a  long  time  in  the  basin  of  Tulare  Lake,  the  waters  of 
which  have  been  removed  many  times  by  evai>oration,  leaving  a 
residue  of  salts  to  mix  with  those  already  in  the  ground.  The  effect 
of  waters  applied  diuing  irrigation  is  all  that  is  properly  within  the 
scope  of  this  section,  but  certain  general  features  in  connection  with 
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the  occurrence  of  alkali  should  he  considered,  because  the  soluble 
salts  normally  formed  in  the  soil  and  those  introduced  by  the  water 
are  alike  in  their  nature  and  their  effect. 

OCCURRENCE  OF  ALKALI. 

The  soluble  salts  are  not  evenly  distributed  over  an  area  or  through 
a  given  depth,  but  are  ordinarily  concentrated  in  patches  near  the 
surface.  Such  patches  may  be  found  in  slight  depressions  into  which 
mineralized  water  has  seeped  or  drained  and  from  which  it  has  later 
evaporated.  The  underground  water  drawn  to  the  surface  by 
capillarity  also  brings  alkali,  which  becomes  concentrated  in  the  upper 
layers  of  the  soil.  Where  the  salts  are  largely  sulphates  or  chlorides 
the  plots  are  covered  with  deposits  of  so-called  "white  alkali" — 
that  is,  crystals  of  alkaline  chlorides  and  sulphates,  mostly  common 
salt  and  Glauber's  salt;  but  when  much  carbonate  is  present  the  plots 
are  blackened  by  solution  of  humus  and  are  termed  spots  of  "black 
alkaU."  It  can  readily  be  understood  from  the  manner  in  which  the 
salts  are  formed  and  from  the  possibiUty  of  their  introduction  by 
seepage  or  irrigation  that  the  alkaU  content  of  a  soil  can  progressively 
increase  until  it  reaches  a  strength  that  will  destroy  plants  previously 
unaffected.  Conversely,  a  soil  that  is  normally  too  high  in  alkali 
can  be  rendered  productive  by  washing  part  of  the  soluble  salts  out 
of  it. 

If  the  alkali  content  of  a  soil  is  excessive  the  growth  of  cultures  is 
retarded  or  entirely  prevented.  A  still  greater  amount  of  salts  kills 
the  most  resistant  plants,  and  the  area  becomes  devoid  of  vegetation. 
The  chief  cause  of  the  poisonous  action  is  commonly  considered  to  be 
abstraction  of  water  from  the  plant  roots  by  change  of  the  osmotic 
pressure,  but  bad  effects  are  also  probably  more  or  less  due  to  corro- 
sion of  the  plant  roots,  germicidal  action  on  the  soil  bacteria,  and 
interference  with  the  food  supply  through  solution  of  himius. 

PERMISSIBLE   LIMITS   OF   ALKALI. 

The  cause  and  the  manner  of  the  harmful  action  are,  however,  not 
so  important  at  present  as  the  amoimt  of  these  toxic  compounds  that 
can  be  tolerated  by  crops,  for  the  limit  of  resistance  in  soils  fixes  in  turn 
the  maximum  content  of  waters  that  can  safely  be  used  for  irrigation, 
and  it  indicates  the  precautions  that  must  be  taken  in  applying  the 
water.  Yet  it  becomes  evident  from  brief  consideration  of  the  prob- 
lem that  limits  of  tolerance  must  be  very  broadly  interpreted  and  that 
absolute  classification  of  waters  in  respect  to  their  irrigation  value  18 
impracticable. 

Many  investigators  have  studied  the  effect  on  plant  growth  of  min- 
eral substances  in  water  solutions,  and  the  excellent  work  of  Kearney 
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and  Cameron  ^  is  typical  of  these.  Experimenting  with  seedlings  of 
white  lapine  and  idfalfa  in  different  strengths  of  pure  solutions,  they 
found  that  the  readily  soluble  salts  common  in  soils  are  toxic  in  the 
fdlowing  order:  Magnesium  sulphate,  magnesium  chloride,  sodium 
carbonate,  sodium  sidphate,  sodium  chloride,  sodium  bicarbonate, 
and  calcium  chloride,  the  first  being  200  times  as  harmful  as  the  last. 
Bat  when  similar  tests  were  made  in  the  presence  of  an  excess  of 
calcium  sulphate  and  calcium  carbonate  both  the  order  of  toxicity  and 
^e  mayimiim  concentrations  in  which  the  seedlings  would  grow  were 
mtirdy  changed.  The  order  and  the  limits  for  lupine  imder  these 
conditions  are  sodium  carbonate,  1,560  parts  per  million;  sodium 
bicarbonate,  4,170  parts;  magnesium  chloride,  9,600;  sodium  chlo- 
ride, 11,600;  calcium  chloride  about  16,000;  sodium  sulphate,  21,600; 
and  magnesium  sulphate,  22,400.  Magnesium  sulphate,  which  is  most 
toxic  fai  pure  solution,  is  least  harmful  in  the  presence  of  large  amoimts 
of  calcium  carbonate  and  sulphate.  The  chlorides  of  magnesium, 
sodium,  and  calcium  follow  each  other  in  relative  toxicity.  The  sul- 
phate was  foimd  to  be  the  least  harmful  of  the  sodium  salts,  sodium 
cUoride  being  twice  and  the  carbonate  fourteen  times  as  poisonous. 
These  alterations  are  extremely  significant,  for  none  of  the  salts  occurs 
10  large  amoimt  in  soils  except  in  the  presence  of  large  quantities  of  cal- 
oom  and  more  or  less  of  all  the  other  harmful  salts.  Therefore  the 
death  point  in  a  simple  solution  of  one  salt  is  not  a  safe  measure  of 
tolerance,  for  the  power  of  resistance  under  natural  conditions 
depends  on  complex  reactions  between  all  the  components  of  the  soil 
solution. 

Other  investigators  have  shown  not  only  that  different  cultures 
have  different  degrees  of  resistance  but  also  that  the  order  of  toxicity 
of  the  various  salts  is  changed.  Some  species  of  rather  weak  tolerance 
have  also  been  bred  to  withstand  high  concentrations,  and  it  is  a  mat- 
tw  of  ordinary  observation  in  regions  of  alkali  that  certain  crops  die 
on  land  where  others  flourish.  The  vertical  position  of  the  soluble 
salts  also  is  important.  Where,  as  imder  ordinary  conditions,  they 
&ro  concentrated  near  the  surface  they  can  do  the  greatest  amount  of 
<l<uiiage  because  they  are  in  contact  with  the  delicate  roots.  But  they 
may  be  washed  downward  out  of  the  danger  zone  by  proper  applica- 
tion of  water.  All  these  considerations  make  it  evident  that  the 
nature  of  the  crops,  the  manner  of  cultivation  and  irrigation,  the 

^  Kctn»7,  T.  H.,  and  Canunn,  F.  K.,  Somemntual  relaUoos  between  aUcali  soils  and  vegetation:  U.  S. 
^*Vt-A«r.Rept.71. 1902. 
^^^BM^on,  F.  K.,  and  Bieaceale,  J.  F.,  The  toxic  action  of  acids  and  salts  on  seedlings:  Jour.  Phys.  Chem- 

^^KDi  0.  H.,  Toxic  limits  and  stimulation  effects  of  some  salts  and  poisons  on  wheat:  Bot.  Oasette, 
'^tt.  p.  11,1907. 

^*^daiberg,  L.,  and  True,  B.  H.,  The  toxic  BCtkm  o\  dissolved  salts  and  their  electrolytic  dissociation, 
^<>M•tt^  voL  22,  p. 81,  ia06. 

^^  F.  D.,  The  toxic  effect  of  dilute  solutions  of  acids  and  salts  upon  plants:  Bot.  Gasette,  voL  22, 
P.U^1»8. 
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other  mineral  components  of  the  soil,  and  many  other  factors  affect 
tolerance  to  alkali;  when  the  effects  of  reactions  between  the  mineral 
constituents  of  the  soil  and  of  the  applied  water  are  added  to  these 
modifying  features  it  must  be  admitted  that  all  general  condiisions 
r^arding  the  potential  value  of  a  water  supply  for  irrigation  are  sub- 
ject to  much  modification  in  particular  cases. 

Possibly  the  best  basis  for  conclusions  on  the  value  of  water  for 
irrigation  is  the  work  of  Loughridge/  who  has  endeavored  to  deter- 
mine the  greatest  amoimts  of  alkali  in  the  upper  4  feet  of  ground  in 
the  presence  of  which  cultures  grow  and  come  to  maturity.  In  pursu- 
ance of  this  plan  observations  were  made  of  the  condition  of  fruit 
trees,  shrubs,  cereals,  and  other  cultivated  plants  growing  or  dying 
in  soils,  which  were  then  partly  analyzed.  Loughridge's  results  are 
of  great  practical  interest  because  they  are  linked  with  observations 
on  cultures  growing  under  natural  conditions  on  a  large  scale,  and  they 
are  here  particularly  valuable  because  they  represent  experiments 
mostly  in  the  territory  covered  by  this  report.  Interpretation  of  the 
figures  is  compUcated,  however,  as  Loughridge  points  out,  by  uncer- 
tainty as  to  whether  the  observed  poor  growth  was  always  due  to 
presence  of  alkali  and  not  to  other  harmful  conditions.  As  not  one 
alone  but  all  the  salts  are  present  in  natural  soils  and  as  they  owe 
their  toxic  action  to  the  extent  to  which  they  are  dissociated,  the 
impossibUty  of  determining  the  exact  amoimts  of  the  different  salts 
in  solution  or  the  share  of  each  acid  and  each  basic  radicle  in  the  toxic 
action  is  fully  apparent.  Notwithstanding  these  doubtful  points 
much  can  be  learned  from  the  studies  regarding  the  relative  tolerance 
of  cultures. 

The  amount  of  alkaU  that  could  be  tolerated  was  found  to  depend 
largely  on  the  distribution  of  the  salts  in  the  vertical  soil  column,  the 
injury  usually  being  greatest  in  the  upper  foot,  where  the  feeding  roots 
and  the  greatest  amount  of  alkali  occurred  together.  The  range  of 
tolerance  for  different  cultures  is  very  great.  Lemon  trees,  considered 
very  sensitive,  were  unaffected  in  the  presence  of  5,760  poimds  of 
alkaU  per  acre  4-feet,  while  grapevines  withstood  nearly  eight  times 
as  much,  or  45,760  pounds.  Sorghum  flourished  in  soil  containing 
81,360  pounds  per  acre  4-feet,  but  rye  withstood  only  12,480  pounds 
of  alkali.  The  fact  that  some  plants  are  more  readily  affected  when 
they  are  young  is  well  illustrated  by  alfalfa,  which  tolerates  more  than 
eight  times  as  much  alkali  when  old  as  when  young.  Experiments  in 
vineyards  showed  that  different  varieties  are  affected  to  different 
degree  by  alkali  and  as  a  corollary  that  alkali  changes  the  composition 
of  grapes. 

1  Loughridge,  R.  H.,  Tolerance  of  alkali  by  various  cultures:  California  Univ.  Agr.  Ezper.  Sta.  Ball. 
133,1901.  Quoted  by  Hilgard,  E.  W.,  Soils,  p.  467,  Macmillan  Co..  New  York,  1900.  See  also  Califomift 
Univ.  Agr.  Exper.  Sta.  BuUs.  128«  140,  and  160. 
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RELATIVE  HABMFULNE88  OF  THE  COMMON  ALKALIES. 

Though  various  cultures  are  affected  in  different  degree  by  sodium 
in  the  three  common  forms  of  carbonate,  chloride,  and  sulphat.e,  there 
is  some  general  agreement.  Sodium  as  the  carbonate  is  commonly 
the  most  harmful,  as  the  chloride  somewhat  less  so,  and  as  the  sid- 
phate  least  harmful.  Hilgard  *  gives  the  maxima  for  cereals  grown 
OR  a  certain  sandy  loam  as  about  0.1  per  cent  of  sodium  carbonate, 
0.25  per  cent  of  sodium  chloride,  and  0.48  per  cent  of  sodium  sulphate, 
corresponding  to  a  toxicity  ratio  expressed  in  terms  of  sodium  of 
1:1.6:3.6.  The  relative  harmfulness  of  sodium  in  the  sulphate, 
chloride,  and  carbonate,  respectively,  can  be  expressed  according  to 
Loughiidge's  results  for  ten  standard  crops  of  San  Joaquin  Valley  by 
the  ratio  1;5:6.6;  that  is,  sodium  as  the  carbonate  is  6.6  times  as 
harmful,  and  sodium  as  the  chloride  5  times  as  harmful  as  sodium 
as  the  sulphate.  A  similar  ratio  for  the  15  most  sensitive  crops  is 
1: 5.3:  6.4.  If,  therefore,  sodium  as  the  sulphate  is  given  a  toxicity 
of  1  a  reasonably  approximate  estimate  of  the  relative  toxicity  of 
sodium  as  the  sulphate,  chloride,  and  carbonate,  respectively,  would 
be  expressed  by  the  ratio  1:5:6.  Stabler  has  used  in  his  formulas, 
quoted  later,  the  ratio  1: 5: 10  in  order  to  allow  for  the  undesirable 
paddling  of  the  soil  by  the  carbonate. 

RELATION  BETWEEN   APPLIED   WATER   AND  SOILS. 

When  water  used  in  irrigating  evaporates  from  the  surface  of  the 
soil  it  leaves  in  the  ground  its  content  of  salts.     If  all  the  appUed 
water  were  to  escape  by  evaporation,  constant  use  of  any  supply,  no 
matter  how  pure  it  might  be,  would  eventually  result  in  an  accumu- 
lation of  alkali  that  would  render  the  soil  improductive.    If,  on  the 
other  hand,  all  of  a  water  not  too  high  in  mineral  content  were  to 
seep  downward  into  the  deep-lying  strata  it  would  leach  out  the 
soluble  salts  of  a  highly  charged  area,  which  would  thus  be  made 
productive.     Such  extreme  conditions,  however,   are  not  natural. 
Though  evaporation  greatly  exceeds  rainfall  in  arid  regions,  and  the 
accumulation  of  alkali  is  thus  f  acihtated,  part  of  the  water  seeping 
away  carries  with  it  a  load  of  salts  in  solution.     Various  amoimts  of 
mineral  matter  are  also  taken  up  by  crops  and  are  removed  during 
harvesting;  then,  too,  the  sodixmi  in  the  soil  and  in  the  appHed  water 
caa  be  prevented  by  proper  methods  of  irrigation  and  drainage  from 
accumulating  where  it  will  damage  the  deUcate  feeding  roots  of  cul- 
tures.   Consequently,  waters  of  a  relatively  low  mineral  content  may 
be  applied  year  after  year  without  inflicting  damage,  but  those 
exceeding  a  certain  limit  of  mineral  content  are  useless  for  irrigation; 
waters  of  an  intermediate  class,  normally  capable  of  increasing  the 

i  Bllgard,  B.  W.,  Soils,  p.  464,  MacfnllUui  Co.,  New  York,  1906. 
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alkalies  in  the  soil,  may  be  harmless  mider  judicious  usage.  This 
outline  of  the  general  relations  between  the  saline  content  of  soils 
and  of  waters  used  on  them  indicates  other  allowances  that  should 
be  made  in  estimating  to  what  extent  the  mineral  matter  in  applied 
waters  affects  their  value  for  irrigation. 

NUMERICAL  STANDARDS. 

Twelve  hundred  parts  per  million  of  mineral  matter  is  the  limit  of 
concentration  given  by  Hilgard  *  for  irrigation  water  in  all  cases  under 
the  ordinary  practice  in  California.    This  limit  is  greatly  modified  by 
the  character  of  the  dissolved  salts,  and  the  results  of  extensive  irri- 
gation elsewhere  indicate  that  very  much  stronger  waters  can  be 
used  on  some  soils  if  they  are  properly  appHed.     Basing  his  compu- 
tations on  Loughridge's  determinations  of  tolerance,'  Stabler'  has 
developed  formulas  for  rating  waters  in  respect  to  their  value  for 
irrigation.     His  comparison  is  made  by  means  of  an  '^  alkali  coeffi- 
cient" (Jc),  which  is  defined  as  the  depth  in  inches  of  water  which 
would  yield  on  evaporation  sufficient  alkali  to  render  a  4-foot  depth 
of  soil  injurious  to  the  most  sensitive  crops.    The  sodium  equiva- 
lents of  the  three  common  salts  of  sodium,  the  sulphate,  chloride, 
and  carbonate,  are  assigned  relative  toxicities  of  1,  5,  and  10,  respec- 
tively, and  the  maximum  tolerance  of  sensitive  cultures  is  taken  as 
1,500  poimds  of  sodium  in  the  form  of  sulphate  per  acre  4-feet.    The 
correctness  of  the  latter  assumption  by  itself  might  be  questioned  in 
view  of  the  fact  that  Loughridge's  figures  for  cultures  at  the  lower 
end  of  his  lists  are  particularly  liable  to  upward  revision  after  further 
investigation.     Yet  this  should  not  lead  to  appreciable  error  as  the 
chief  value  of  the  formulas  rests  in  the  ratio  of  toxicities  and  the 
interpretation  of  the  computed  value  of  Jc, 

If  Na — 0.65  CI  is  zero  or  negative,  Jc  =  -W-  • 

If  Na  -  0.65  a  is  positive  but  not  greater  than  0.48  SO,,  Jt  =  jt  ^2  6(3' 
IfNa-0.65a-0.48SO>po8itive.X:  =  j^^-^2____, 

The  alkali  coefficient,  Jc,  is  in  inches  as  already  explained;  the  sym- 
bols SO4,  CI,  and  Na  represent,  respectively,  the  amoimts  in  parts 
per  million  in  the  water  of  sulphate,  chlorine,  and  alkalies,  the 
latter  being  commonly  grouped  under  the  name  of  sodium.  Con- 
sideration of  bicarbonate  is  precluded  because  estimates  of  it 
apparently  were  not  made  in  the  work  on  which  the  formulas  are 
based.    The  three  formulas  represent  the  different  relations  between 

»  Op.  cit.,  p.  348. 

I  Lougfaridge,  R.  H.»  Totormoe  of  alkali  by  various  cultares:  California  Univ.  Exper.  Sta.  Bull  ISS, 
1901. 

•  Stabler,  Herman,  Some  stream  waters  of  the  western  United  States,  with  chapters  on  sediment  carried 
by  the  Rio  Grande  and  the  industrial  application  of  water  analyses:  U.  S.  Geol.  Survey  Water-Supply 
Paper  274,  p.  177, 1911.    See  also  Eng.  News,  vol.  64,  p.  57, 1910. 


Digitized  by  VjOOQIC 


WATER   FOR  IRRIGATION.  57 

the  alkaH  and  the  acid  radicles.  Under  the  first  condition,  with 
eaougfa^  or  more  than  enough,  chlorine  to  satisfy  sodium,  it  is  assumed 
that  chlorides  oth^  than  that  of  sodium  are  as  harmful  as  that 
OHnpound.  Cameron^  found  that  magnesium  chloride,  sodium 
chloride,  and  calcium  chloride  had  relative  toxicities  of  1.2:  1.0:  0.6, 
respectively,  in  the  presence  of  an  excess  of  calcium  sulphate  or  of 
caldom  sulphate  and  calcium  carbonate.  Under  the  second  condi- 
tion, where  the  chloride  and  sulphate  radicles  together  are  sufficient 
to  satisfy  sodium,  and  under  the  third,  where  both  chlorine  and 
sulphate  are  insufficient  to  satisfy  sodium,  magnesium  is  assumed 
to  have  no  deleterious  effect.  This  base  loses  the  greater  part  of  its 
toxic  power  when  much  calcium  is  present  and  therefore  this  assump- 
tion seems  justifiable  as  not  only  is  calcium  usually  high  in  all  soils 
but  also  it  commonly  exceeds  the  proportion  of  magnesium  in  natural 
waters.  Though  the  formulas  are  based  on  the  relative  predominance 
of  the  radicles,  they  should  not  be  interpreted  as  signifying  that  the 
adds  and  bases  are  combined  but  as  presenting  the  maximum  possi- 
bilities of  the  deposition  of  harmful  alkali  salts  in  the  soil  layer. 
Waters  to  which  the  first  two  formulas  are  appUcable  are  likely  to 
leave  white  alkali  on  evaporation,  and  those  in  the  third  dass  probably 
yield  black  alkali. 

The  approximate  amount  of  alkali  in  a  water  can  be  computed 
from  the  results  of  a  field  assay  by  the  following  formula: 

Na  =  0.83  CO, -f  0.41  HCO,-f  0.71  a-f  0.52  SO,-0.5  H. 

The  symbols  represent  the  amounts  in  parts  per  miUion  of  alkali 
(sodium  and  potassium)  and  the  carbonate,  bicarbonate,  chlorine, 
sulphate,  and  total  hardness  found  by  assay.  The  equation  expresses 
the  theoretical  relation  that  the  sum  of  the  reacting  values  of  the  acid 
radicles  minus  the  reacting  values  of  calcium  and  magnesium,  which 
together  are  one-fiftieth  of  total  hardness,  equals  the  reacting  value 
of  the  alkalies;  the  factor  25  instead  of  23,  the  atomic  weight  of 
sodium,  is  used  for  safety.  Because  of  the  approximate  nature  of 
the  figures  of  field  assays  values  of  Jc  computed  from  them  should  be 
reported  with  not  more  than  two  significant  figures  and  to  the  nearest 
10  when  they  exceed  30. 

The  following  ratings  for  interpreting  values  of  the  alkali  coeffi- 
cient are  proposed  by  Stabler: 

Table  9. — ClasnJUxU!Umofw{UerfcrirHgatum. 


Value  of  k. 

Classification. 

Grmtfi'  than  Iff 

Good. 
Fair. 
Poor. 
Bad. 

«toi8 

U  to  5.9 

T.fi^^1i^f.? 

^OmMRn,  F.  K.,  and  Breascale,  J.  F.,  The  toxic  action  of  acids  and  salts  on  seedlings:  Jour.  Phys. 
Cbniitiy,  ToL  8,  p.  1, 1004. 
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The  value  of  fc,  showing  the  number  of  inches  of  water  that  would 
yield  on  evaporation  sufficient  alkaU  to  inhibit  the  growth  of  very 
sensitive  plants,  indicates  the  relative  d^ree  of  care  that  is  essentiaJ 
in  applying  a  water  to  irrigated  tracts.  As  defined  by  StableTj 
"good"  waters  are  those  that  can  be  used  for  many  years  without 
special  care  to  prevent  alkali  accumulation.  Waters  classed  as  "  f  air  " 
require  special  care  to  prevent  gradual  concentration  of  alkali  except 
in  loose  soils  with  free  natural  drainage.  In  using  waters  classed  as 
''poor''  care  in  selection  of  soils  has  been  imperative  and  artificial 
drainage  has  frequently  been  necessary.  The  **bad"  waters  contain 
so  much  harmful  matter  in  solution  that  they  are  practically  valueless 
for  irrigation.  These  ratings  are  based  on  general  practice  in  the 
arid  and  semiarid  regions  of  the  United  States,  and  so  far  as  they  can 
be  checked  by  comparison  with  actual  experience  in  the  use  of  waters 
in  San  Joaquin  Valley  they  answer  all  practical  purposes. 

This  rating,  like  any  other  that  might  be  devised,  should  be  liber- 
ally interpreted.  It  is  well  to  repeat  emphatically  that  it  signifies 
only  a  comparison  of  the  waters  themselves  on  the  basis  of  their 
mineral  content.  It  has  no  reference  whatever  to  the  possibiUty  of 
raising  good  crops  on  land  to  which  the  waters  may  be  applied, 
because  it  does  not  take  into  accoimt  the  alkaU  content  and  the  tex- 
ture of  the  soil,  drainage  conditions,  the  method  of  irrigation,  the 
duty  of  the  water,  or  the  other  factors  on  which  agricultural  success 
depends. 

REMEDIES   FOB   ALKALI  TROUBLES. 
WASHDrO  DOWK  THE  ALKAU. 

The  relation  between  applied  water  and  soils  makes  it  apparent 
that  the  farmer  can  control  the  alkaU  content  of  his  ground  to  great 
extent  by  the  manner  in  which  he  appUes  water  and  the  care  he  takes 
to  prevent  accumulation  of  soluble  salts  near  the  surface.  When  a 
deep,  readily  pervious  soil  is  covered  with  water  to  a  proper  depth 
by  flooding,  which  is  widely  practiced  in  San  Joaquin  Valley,  the 
water  rapidly  soaks  into  the  soil,  dissolving  the  alkali  salts  concen- 
trated near  the  surface  and  carrying  them  downward  beyond  the 
zone  of  influence  on  the  deUcate  feeding  rootlets.  But  if  the  ground 
is  not  then  protected  against  surface  evaporation  the  water  is  drawn 
upward  and  alkaU  again  impregnates  the  top  layers.  This  action 
can  be  prevented  in  some  measure  by  thorough  cultivation  as  soon 
as  possible  after  irrigation,  and  the  shade  afforded  by  trees  and  good 
stands  of  grass  or  grain  also  minimizes  it.  This  shading  effect  partly 
explains  why  well-estabUshed  growths  of  some  cultures  can  thrive  in 
soil  containing  an  amount  of  alkali  injurious  to  younger  crops.  A 
good  stand  of  alfalfa,  for  instance,  inhibits  surface  evaporation  and 
consequent  rise  of  alkali  to  the  feeding  roots,  though  the  ground 
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deeper  down  may  contain  enough  alkali  to  kill  the  plants;  whereas 
newly  started  alfalfa  can  not  prevent  evai>oration,  and  the  alkali, 
dissolved  by  the  water  and  rising  with  it  by  capillarity,  becomes 
concentrated  where  it  can  do  the  greatest  damage.  A  shallow  soil 
underlain  by  hardpan  is  not  benefited  by  flooding  alone,  as  the 
leaching  is  stopped  by  the  impervious  layer. 

It  is  a  prevalent  idea  that  alkali  can  be  washed  from  a  piece  of 
land  by  flooding  it  with  large  quantities  of  water  and  then  allowing 
the  surpliis  to  run  off.    The  improvement  is,  however,  not  due  so 
much  to  removal  of  the  comparatively  small  quantities  of  material 
carried  away  in  the  off-flow  as  to  depression  of  the  alkali  by  the 
downward  percolation  just  described.     The  results  of  some  experi- 
mfflits  by  Headden  ^  illustrate  this  well.    Two  waters,  the  compo- 
sition of  which  is  given  in  columns  A  and  B  of  Table  10,  were  used 
daring  two  successive  days  to  flood  a  tract  of  alkali  land  about  600 
feet  long.     Four  samples  of  the  off-flow  were  taken,  two  at  the 
b^inning  of  the  off-flow  and  two  just  before  the  on-flow  was  stopped, 
and  the  average  of  the  analjrses  of  these  foiu*  samples  is  given  in 
column  C.     Though  one  of  them,  taken  at  the  very  conmiencement 
of  the*  off-flow,  carried  1,238  parts  per  miUion  of  dissolved  solids, 
this  hjgh  content  lasted  only  a  few  minutes,  and  comparison  of  the 
average  with  the  residts  in  columns  A  and  B  shows  how  little  the  total 
mineral  content  of  the  water  that  remained  above  ground  and  finally 
flowed  off  after  crossing  the  entire  area  was  increased  by  solution 
of  the  alkali  in  the  soil. 

Table  10. — Effect  of  flooding  on  alkali  as  shown  by  composition  of  water. 
{Parts  per  millinn.) 


Constituents. 


Totil  solids 

Ornofe  and  Totetfle  matter 

fioiSTsiOt) 

Oxld«8  of  Iron  and  alumimim  (FeiOt+AliOt). 

&toii(Ca) 

ysgMsimp  (Mk)  ••• 


& 


(NaV..:.. 


PaUssiain(K) 

Carbonate  radlde  (COs) . 
Botpbste  radicle  (8O4)... 


328 

27 

10 
1.0 

43 

10 
.6 

42 

3.6 

64 
113 

10 


B 


706 
37 
14 
3.4 
90 
24 

.8 

06 

3.8 

106 

306 

24 


760 
44 
12 


.2 
102 

6.6 
112 
336 
24 


1,415 
92 
23 

1.6 
139 
66 

.7 
196 

1.9 
120 
713 
60 


3,278 
145 
20 

.7 
314 
170 

1.0 
436 

6.4 
149 
1,885 
147 


A.  Water  used  In  irrigating  on  Sept.  1. 

B.  Water  used  in  irrigating  on  Sept.  2. 

C.  Arerage  composition  of  off-flow  Sept.  2. 

D.  Arvage  composition  of  water  from  4  shallow  wells  Aug.  31. 

E.  Arvage  composition  of  water  from  4  shallow  wells  Sept.  2. 

Four  shallow  wells  in  the  plot,  protected  against  entrance  of  water 
over  the  top,  were  sampled  before  (column  D)  and  after  irrigation 

*  Headden,  W.  P..  Colorado  irrigatioii  waters  and  their  changes:  Colorado  Agr.  ColL  Exper.  Sta.  Bull. 
8.1903. 
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(column  E).  The  composition  of  the  ground  water  portrayed  by 
these  averages  is  typical  in  showing  the  downward  passage  of  the 
alkali  salts  in  the  soil.  The  average  amount  of  mineral  matter  in 
the  off-flow  is  only  slightly  greater  than  that  in  the  applied  w^ater 
that  was  used  in  greater  quantity^  but  the  water  in  the  weUs  increased 
in  dissolved  solids  from  1,415  parts  to  3,278  parts  per  million,  cal- 
ciimi,  magnesiimi,  sodium,  sulphate,  and  chloride  having  been  more 
than  doubled.  Headden  estimates  that  the  ground  water  gained 
about  5,000  pounds  of  mineral  matter  per  acre-foot  of  water  by  this 
irrigation. 

The  effect  of  natural  precipitation  in  washing  down  the  soluble 
salts  can  be  illustrated  by  analyses  of  water  from  the  same  wdk 
after  a  long  period  of  heavy  rainfall.  Just  before  the  rain  stopped 
the  water  of  one  well  contained  10,360  parts  per  milUon  of  total 
soUds,  an  amount  several  times  the  normal;  only  eight  days  later 
soUds  had  fallen  to  6,450  parts;  and  to  2,030  parts  after  a  month. 
This  decided  increase  of  mineral  content  after  rainfall  and  the  sub- 
sequent decrease  coincident  with  the  loss  of  water  by  evaporaticm 
and  drainage  can  be  explained  by  change  in  position  of  the  soluble 
salts  in  the  soil  column. 

Irrigation  by  shallow  furrows  from  which  the  water  soaks  into  the 
ground  is  practiced  extensively  in  orchards  and  truck  gardens 
throughout  San  Joaquin  Valley.  This  causes  downward  transmis- 
sion of  alkali  in  pervious  soils  like  flooding,  with  the  added  advantage 
that  the  decreased  evaporation  lessens  the  tendency  toward  surface 
concentration  of  alkali.  Deep,  narrow  furrows  would  undoubtedly 
still  further  reduce  the  proportion  of  water  lost  by  evaporation  and 
would  prevent  the  rise  of  alkali  by  affording  deeper  circulation  of  the 
water  supply. 

DBADTAOB. 

Such  downward  washing  of  soluble  substances  affords  no  perma- 
nent reUef,  for  the  alkali,  not  being  removed,  may  be  drawn  again 
to  the  surface,  or  may  rise  as  a  result  of  wasteful  irrigation,  a  trouble 
common  in  water-logged  soils.  Downward  washing  can  be  safely 
relied  on  only  when  the  soils  are  pervious  and  have  good  natural 
drainage.  Application  of  heavily  mineralized  water  even  under 
such  conditions  year  after  year  may  increase  the  amount  of  the  harm- 
ful ingredients  and  render  them  more  difficult  to  handle.  The  recog- 
nized permanent  remedy  is  installation  of  imderdrains,  through 
which  the  dissolved  substances  may  be  removed.  The  installation 
of  drainage  is  costly,  but  it  has  become  an  essential  part  of  irrigation 
systems  wherever  the  soils  are  very  bad  or  the  waters  are  high  in 
harmful  ingredients,  for  it  not  only  facilitates  the  removal  of  the 
deleterious  salts  originally  in  the  ground,  but  also  affords  means  for 
preventing  accumulation  of  alkali  when  very  strong  waters  are  used. 
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The  experimental  plots  cultivated  by  the  Department  of  Agri- 
colture  m  Fresno  Coimty  where  the  ''rise  of  the  alkali"  has  spoiled 
otherwise  good  ground  have  been  thoroughly  reclaimed  by  under- 
drainage.*  Many  of  the  waters  of  the  valley  now  considered  poor 
for  irrigation  can  probably  be  utilized  on  well-drained  tracts,  for 
sodium  chloride  waters  far  more  concentrated  than  some  of  the 
poorer  ones  in  the  trough  of  San  Joaquin  Valley  are  being  success- 
fully applied  to  Algerian  lands  *  that  are  thoroughly  drained.  The 
best  results  with  strong  saline  waters  have  been  obtained  by  irriga- 
ting copiously  at  frequent  intervals.  In  conjunction  with  free 
drainage  such  operation  prevents  concentration  of  alkali  salts  in  the 
soil,  for  any  accumulation  that  may  form  is  quickly  dissolved  and 
washed  downward. 

MIBGSLLAnOXTS  RBMSDIB8. 

Though  it  is  possible  to  remove  a  large  proportion  of  the  alkali 
crust  by  scraping  the  surface  of  the  land  that  method  is  too  expen- 
sive to  be  generafly  adopted.  Growing  and  completely  cropping 
plants  that  secrete  relatively  large  quantities  of  alkali  is  tedious  but 
fairly  successful.  The  injurious  effect  of  carbonate  alkali  can  be 
greatly  reduced  by  spreading  the  ground  with  gypsiun,  by  action  of 
which  carbonate  of  lime  and  alkali  sulphates  are  formed.  As  car- 
bonate alkalies  are  much  more  harmful  than  chlorides  or  sulphates 
treatment  of  this  character  lessens  the  toxic  action. 

WATER  FOB  BOILBB  USE. 
FORMATION   OP  SCALE. 

The  most  common  trouble  in  boilers  is  formation  of  scale,  or 
deposition  of  mineral  matter  within  the  boiler  shell.  When  water 
is  heated  imder  pressure  and  concentrated  by  evaporation,  as  in  a 
boiler,  certain  substances  are  thrown  out  of  solution  and  solidify  on 
the  flues  and  crown  sheets  or  within  the  tubes.  These  deposits 
increase  fuel  consimiption  because  they  are  poor  conductors  of  heat 
and  increase  the  cost  of  boiler  repairs  and  attendance  because  they 
have  to  be  removed.  If  the  amount  of  scale  is  great  or  if  it  is  allowed 
to  accumulate  the  boiler  capacity  is  decreased  and  disastrous  explo- 
sions are  likely  to  occur. 

The  incrustation  (scale)  consists  of  the  substances  that  are  insoluble 
in  the  feed  water  or  become  so  within  the  boiler  imder  conditions  of 
ordioary  operation.  It  includes  practically  all  the  suspended  matter, 
or  mud;  the  silica,  probably  precipitated  as  the  oxide  (SiO,);  the 
iron  and  aluminum,  appearing  in  the  scale  as  oxides  or  hydrated 

iPortlsr,  Samuel,  and  Cone,  V.  M.,  Drainage  of  irrigated  lands  in  the  San  Joaquin  Valley,  Califamia: 
t7. 8.  Dept.  Agr.  Ezper.  Sta.  Bull.  217«  1900. 

•Meins,  T.  H.,  The  use  of  alkaline  waters  for  irrigation:  U.  8.  Dept.  Agr.  Bar,  Boils  CIrc.  10, 1903;  also 
U'  B.  OeoL  Burr^  WaterSupply  Paper  03,  p.  255, 1904. 
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oxides;  the  calcium,  precipitated  principally  as  carbonate  and  sul- 
phate; and  the  magnesium;  found  chiefly  as  oxide  but  also  partly  as 
carbonate.  Scale  is  therefore  a  mixture,  which  varies  in  amount, 
density,  hardness,  and  composition  with  the  quality  of  water  supply, 
the  steam  pressure,  the  type  of  boiler,  and  other  conditions  of  iise. 
Calcium  and  magnesium  are  the  principal  basic  substances  in  the 
scale,  over  90  per  cent  of  which  usually  is  calciiun,  magnesium,  car- 
bonate, and  sulphate.  If  much  organic  matter  is  present  part  of  it 
is  precipitated  with  the  mineral  scale,  as  the  organic  matter  is  decom- 
pK)sed  by  heat  or  by  reaction  with  other  substances.  If  magnesium 
and  sulphate  are  comparatively  low  or  if  suspended  matter  is  com- 
paratively high  the  scale  is  soft  and  bulky  and  may  be  in  the  form  of 
sludge  that  can  be  blown  or  washed  from  the  boiler.  On  the  other 
hand,  a  clear  water  relatively  high  in  magnesium  and  sulphate  may 
produce  a  hard,  compact  scale  that  is  nearly  as  dense  as  porcelain, 
clings  to  the  tubes,  and  offers  great  resistance  to  the  transmission  of 
heat.  Therefore  the  value  of  a  water  for  boiler  use  depends  not  only 
on  the  quantity  but  also  on  the  physical  structure  of  the  scale  pro- 
duced by  it. 

CORBOSION. 

Corrosion  or  *  Spitting''  is  caused  chiefly  by  the  solvent  action  of 
acids  on  the  iron  of  the  boiler.     Free  acids  capable  of  dissolving  iron 
occur  in  some  natural  waters,  especially  in  the  drainage  from  coal 
mines,  which  usually  contains  free  sulphuric  acid,  and  also  in  some 
factory  wastes  draining  into  streams.    Many  ground  waters  contain 
free  hydrogen  sulphide,  a  gas  that  readily  attacks  boilers,  and  some 
contain  dissolved  oxygen  and  free  carbon  dioxide,  which  are  also 
corrosive.     Organic  matter  is  probably  a  source  of  acids,  for  waters 
high  in  organic  matter  and  low  in  calcium  and  magnesium  are  cor- 
rosive, though  the  nature  and  action  of  the  organic  bodies  are  not 
well  understood.    The  chief  corrosives  are  acids  freed  in  the  boiler  by 
the  deposition  of  hydrates  of  iron,  aluminum,  and  magnesimn,  the 
last-named  being  the  most  important  as  it  is  the  most  abundant. 
The  acid  radicles  that  were  in  equiUbrium  with  these  bases  may  pass 
into  equihbrium  with  other  bases,  displacing  equivalent  quantities 
of  carbonate  and  bicarbonate;   or  they  may  decompose  carbonates 
that  have  been  precipitated  as  scale;  or  they  may  combine  with  the 
iron  of  the  boiler,  thus  causing  corrosion;  or  they  may  do  all  three, 
their  action  depending  on  the  chemical  composition  of  the  water. 
Even  with  the  most  complete  analyses  this  action  can  be  predicted 
only  as  a  probability.     If  the  acid  thus  freed  exceeds  the  amount 
required  to  decompose  the  carbonate  and  bicarbonate  radicles  it 
attacks  the  iron  of  the  boiler  and  produces  pits  or  tuberculations  of 
the  interior  surface,  leaks,  particularly  around  rivets,  and  general 
deterioration. 
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FOAMING. 

Forming  is  rising  of  the  water  in  the  boiler  and  particularly  in  the 
steam  space  normally  above  the  water,  and  it  is  intimately  connected 
with  priming,  which  is  the  passage  from  the  boiler  of  water  mixed 
with  steam.  Foaming  results  when  anything  prevents  the  free  escape 
of  steam  from  the  water.  It  is  usually  ascribed  to  an  excess  of  dis- 
solved matter  that  increases  the  surface  tension  of  the  liquid  and 
thereby  reduces  the  readiness  with  which  the  steam  bubbles  break. 
As  sodiimi  and  potassium  remain  dissolved  in  the  boiler  water  while 
the  greater  portion  of  jbhe  other  bases  is  precipitated,  the  foaming 
tendency  is  commonly  measiu'ed  by  the  degree  of  concentration  of 
tkc  alkali  salts  in  solution,  because  this  figure  in  connection  with 
the  type  of  boiler  determines  to  great  extent  the  length  of  time  that  a 
boiler  may  run  without  danger  of  foaming.  It  is  a  fact  that  the 
worst  foaming  waters  in  raihroad  practice  are  encoimtered  in  the  arid 
Mid  semiarid  regions  of  the  Southwest  where  the  quantity  of  dis- 
sohred  alkali  is  greatest.  However,  it  is  well  known  that  suspended 
matter  can  cause  foaming,  for  certain  waters  that  deposit  a  moderate 
amount  of  scale  but  do  not  foam  when  clear  foam  badly  when  they 
carry  a  great  quantity  of  mud.  Greth  ^  states  that  foaming  is  due  to 
condition  of  boiler,  design  of  boiler,  size  and  shape  of  water  space, 
steam  pipe,  irregularity  in  blowing  off,  introduction  of  oil  into  the 
feed  water  from  the  exhaust  steam,  neglect  to  change  water  period- 
ically, irregularity  of  load,  or  improper  firing  and  feeding.  He  con- 
cludes that  it  is  not  merely  the  presence  of  sodium  salts  in  solution 
4at  oauses  foaming,  but  the  presence  of  other  substances  which 
together  with  the  sodium  salts  and  operating  conditions  bring  about 
foaming.  The  writer  believes  that  a  strong  solution  of  sodium  car- 
bonate might  not  induce  excessive  foaming  in  water  otherwise  pure, 
but  its  introduction  into  a  boiler,  which  under  operating  conditions 
invariably  contains  suspended  matter  or  precipitated  sludge,  might 
produce  foaming  by  increasing  the  suspended  matter  either  by  pre- 
cipitating calcium  and  magnesium  or  by  loosening  previously  depos- 
ited scale.  Under  working  conditions  it  is  difficult  to  distinguish  the 
actual  cause  of  the  trouble.  Experience  has  shown  that  the  type  ol 
boiler,  steam  pressure,  and  other  operating  conditions  may  greatly 
accelerate  or  retard  foaming. 

REMEDIES   FOR   BOILER  TROUBLES. 

The  best  way  of  remedying  unsatisfactory  boiler  supplies  is  to 
^^t  them  before  they  enter  boilers,  but  where  this  is  impracticable 
trouble  can  be  minimized  in  various  ways.    Low-pressure  large-flue 

'  Cnth,  J.  C.  W.y  Waler  softening  and  ptirtflcation  for  coal-mine  operations  (paper  read  before  the  West 
^'i^SUiCiAl  MiniDg  Instttate,  Blneaeld,  W.  Vs.,  June  7, 1010). 
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boUers  are  used  in  many  stationary  plants  with  hard  waters,  and  i1 
is  said  that  the  scale  fonned  in  them  is  softer  and  more  flooculent  and 
can  therefore  be  more  readily  removed  than  that  formed  in  high- 
pressure  boilers.  Blowing  off  is  about  the  only  practical  means  oi 
preventing  foaming,  because  this  trouble  is  due  principally  to  oon 
centration  of  substances  in  the  residual  water  of  the  boilers.  Accu- 
mulated sludge,  or  soft  scale,  is  removed  by  blowing,  paiticularly  in 
locomotive  practice.  In  condensing  systems  much  of  the  trouble  due 
to  mineral  matter  in  the  feed  water  is  obviated  because  the  quantity 
of  raw  water  supplied  is  proportionately  small.  Yet  the  problem  is 
not  completely  solved  in  such  systems,  because  the  incrusting  or 
corrosive  action  is  transferred  from  the  boiler  to  the  condenser,  which 
requires  more  or  less  cleaning  and  repairing  in  proportion  to  the 
imdesirable  qualities  of  the  water  supply. 

BOILER  COMPOUNDS. 

Boiler  compounds  are  widely  used  in  regions  where  hard  waters 
abound,  but  treatment  within  the  boiler  should  be  given  only  when  it 
is  impossible  to  purify  the  supply  beforehand  or  when  the  supply  is 
relatively  pure  and  requires  only  minor  correction.     If  previous  puri- 
fication is  not  practicable  some  feed  waters  can  be  improved  by  judi- 
cious addition  of  chemicals.    Many  substances,  ranging  from  flour, 
oatmeal,  and  sUced  potatoes  to  barium  and  chromium  salts,  have 
been  recommended  for  such  use,  but  only  a  few  have  proved  to  be 
really  efficient.    These  substances  have  been  classified  *  according  to 
their  action  within  the  boiler.     Those  that  attack  chemically  the 
scaling  and  corroding  constituents  precipitate  incrusting  matter  and 
neutralize  acids.     Soda  ash,  the  commercial  form  of  sodium  carbonate, 
containing  about  95  per  cent  NajCX),,  is  the  most  valuable  substance 
of  this  character,  because  it  is  cheap  and  its  use  is  attended  with  the 
least  objectionable  results.     Tannin  and  tannin  compounds  are  also 
used  for  the  same  purpose.     The  addition  of  limewater  to  the  feed 
to  prevent  corrosion  and  to  obviate  foaming  has  been  recommended,' 
and  it  is  probable  that  it  would  improve  waters  high  in  organic 
matter  and  very  low  in  incrustants.     Such  practice  increases  tke 
incnistants  in  proportion  to  lime  added  but  prevents  corrosion. 
Soda  ash  neutralizes  free  acids,  precipitates  the  incrusting  ingredients 
as  a  softer,  more  flocculent  material,  which  is  more  easily  removed 
from  the  boiler,  and  increases  the  foaming  tendency  of  the  water  by 
increasing  its  content  of  dissolved  matter.    The  proper  amount  to 
be  used  depends  on  the  chemical  composition  of  the  watw  and  the 
style  of  the  boiler. 

»Cary,  A.  A.,  The  use  of  boiler  compounds:  Am.  Machinist,  voL  22,  pt.  2,  p.  1163, 1899. 
*  Palmer,  Chase,  Quality  of  the  underground  waters,  in  the  Blue  Grass  region  of  Kentucky:  U.  8. 0<oL 
Sorv^  Water-Supply  Paper  233,  p.  187, 1909. 
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The  second  class  of  boiler  compounds  comprises  those  that  act 
mechanically  on  the  precipitated  crystals  of  scale-making  matter 
scxm  after  they  are  formed,  surroimding  them  and  robbing  them  of 
dieir  cement-Uke  action.  Glutinous,  starchy,  and  oily  substances 
belong  to  this  class,  but  they  are  not  now  used  to  any  considerable 
extmt  because  they  thicken  and  foul  the  water  more  than  they  pre- 
vent the  formation  of  hard  scale. 

The  third  class  comprises  compoimds  that  act  mechanically  like 
thoBe  of  the  second  dass  and  also  partly  dissolve  deposited  scale, 
dicB  loosening  it  and  aiding  in  its  ready  removal.  Of  these,  kerosene 
B  very  ^ective,  but  graphite  is  believed  to  be  still  better. 

Many  boiler  compounds  possessing  or  supposed  to  possess  one  or 
more  of  the  functions  just  described  are  on  the  market  and  are  widely 
sold.  Some  are  effective  and  some  are  positively  injurious.  Most 
of  them  depend  for  their  chief  action  on  soda  ash,  petroleum,  or  a 
vegetable  extract,  but  all  are  costly  compared  with  lime  and  soda  ash. 
Boiler  compounds  can  not  reduce  the  amount  of  scale  and  may 
mcrease  it.  Their  only  legitimate  functions  are  to  prevent  corrosion 
Mid  deposition  of  hard  scale  and  to  remove  accumulations  of  scale 
that  have  become  attached  to  the  boiler.  Every  engineer  should  bear 
in  mind  that  steam  boilers  are  costly  and  that  fuel  and  boiler  repairs 
are  costly  and  should  hesitate  to  add  substances  to  his  feed  water 
without  competent  advice  as  to  their  effect.  It  is  far  more  economical 
to  have  the  water  supply  analyzed  and  to  treat  it  effectively  by  well- 
known  chemicals  in  proper  proportion,  either  within  or  without  the 
boiler,  than  to  experiment  with  compounds  of  imknown  composition. 

NUMERICAL   STANDARDS. 

Stabler's  exceUent  mathematical  discussion  of  the  quaUty  of  waters 
with  reference  to  industrial  uses  *  contains  several  formulas  by  which 
the  effect  of  waters  may  be  computed.  They  have  been  recalculated 
in  order  to  obtain  the  estimates  in  parts  per  million.  The  terms  in- 
^Iving  iron,  aluminum,  and  free  acids  have  been  omitted  because 
these  substances  are  too  scarce  to  call  for  consideration  in  such 
approximate  rating;  and  the  terms  involving  sodium  and  potassium 
have  been  united  for  simplicity. 

(1)  8  =  Sm  +  Cm  + 2.95  Ca+ 1.66  Mg 

(2)  h^SiOj+l.ee  Mg+1.92  Cl-f  1.42  SO,-2.95  Na 

(3)  f  =  2.7Na 

(4)  c  =  0.0821  Mg-0.0333  CO8-0.0164  HCOs. 

These  equations  express  numerically  some  of  the  relations  that  have 
been  discussed  in  the  preceding  sections  on  scale,  corrosion,  and 

*  Stabtar,  Herman,  Some  stream  waters  of  the  western  United  States,  with  chapters  on  sediment  carried 
^  Um  Rio  Grande  and  the  indostrlal  application  of  water  analyses:  U.  S.  Qeol.  Sorrey  Water-Supply 
^^99  274,  p.  itf,  1911.    Bee  abo  Bng.  News,  vol.  60,  p.  355, 1008. 
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foaming.  Sm,  Cm,  SiO„  Ca,  Mg,  Na,  Q,  SO4,  CO,,  and  HCO,  repre- 
sent the  amoimts  in  parts  per  million,  respectively,  of  suspended 
matter,  coUoidal  matter  (oxides  of  silicon,  iron,  and  aluminum),  silica, 
calcium,  magnesium,  alkalies,  chlorine,  sulphate,  carbonate,  and 
bicarbonate. 

Formula  1  gives  the  amount  of  scale  (s)  that  would  probably  be 
formed  from  the  water  under  ordinary  conditions  of  boiler  operation; 
as  the  groimd  waters  of  San  Joaquin  Valley  are  practically  clear,  Sm 
is  equal  to  zero.  Cm  has  been  given  a  value  of  50  for  waters  nol 
exceeding  400  parts  of  total  solids  and  30  for  other  waters,  and 
these  values  may  be  considered  large  enough  for  safety. 

Formula  2  gives  the  amount  of  hard  scale  forming  ingredients  (h). 

The  ratio  -  expresses  the  relative  hardness  of   the  scale.     If  -  ia 

greater  than  0.5  the  scale  may  properly  be  called  hard;  if  it  is  less 
than  0.25  the  scale  may  properly  be  called  soft. 

Scale  (s)  has  been  estimated  from  the  data  of  the  field  assays  by 
adding  to  total  hardness  (H)  the  values  of  Cm  used  in  formula  1  (^= 
Cm  +  H) .  As  H  theoretically  equals  2.5  Ca + 4. 1  Mg,  and  the  last  two 
terms  of  equation  1  are  2.95  Ca+ 1.66  Mg,  the  unknown  but  variable 
ratio  between  calcium  and  magnesium  introduces  an  uncertain  error. 
Elstimates  of  the  scale-forming  constituents  are,  however,  always 
approximate,  and  experience  indicates  that  this  computed  value  is 
accurate  enough  for  relative  ratings. 

Formula  3  gives  the  amoimt  of  the  foaming  ingredients  (f),  as  esti- 
mated from  the  probable  content  of  alkali  salts.  The  value  of  sodium 
(Na)  computed  by  the  formula  on  page  57  has  been  used  in  computing 
the  amount  of  the  foaming  ingredients  from  the  results  of  the  field 
assays. 

Formula  4  has  been  used  to  calculate  the  corrosive  tendency  of 
the  water  (c).  As  can  be  readily  seen  from  the  coefficients,  it 
expresses  the  relation  between  the  reacting  values  of  magnesium  and 
the  radicles  involving  carbonic  acid  (p.  62).  If  c  is  positive,  the  water 
is  corrosive.  If  c  +  0.0499  Ca,  the  reacting  value  of  calcium,  is  nega- 
tive, the  mineral  constituents  will  not  cause  corrosion,  but  whether 
organic  matter  or  electrolysis  will  cause  it  is  imcertain.  If  c-h  0.0499 
Ca  is  positive  corrosion  is  uncertain.  These  conditions  of  reaction 
may  be  restated  to  conform  to  the  data  of  the  field  assays  thus: 
If  0.033  CO8  +  0.016  HCOs  equals  or  exceeds  0.02  H  the  mineral 
constituents  will  not  cause  corrosion.  If  0.004  H  exceeds  0.033  CO,  + 
0.016  HCOg  the  water  is  corrosive.  One-fiftieth  of  the  total  hard- 
ness (0.02  H)  is  equivalent  to  the  reacting  value  of  calcium  and  mag- 
nesium, and  H  divided  by  230  (0.004  H)  is  equivalent  to  the  reacting 
value  of  magnesium  on  the  assimiption  that  Ca  =  6  Mg,  a  ratio  in 
which  magnesiimi  is  given  its  smallest  probable  value  in  relation  to 
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calcium.  The  reacting  values  of  carbonate  and  bicarbonate  are 
represented,  respectively,  by  0.033  CO,  and  0.016  HCX)„  the  coeffi- 
cients of  which  are  obtained  by  dividing  the  valence  of  each  radicle 
by  its  molecular  weight. 

After  these  three  attributes  of  boiler  feed  have  been  computed 
rating  the  water  is  largely  a  matter  of  judgment  based  on  experi- 
ence. The  conmiittee  on  water  service  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association  has  o£Fered  two 
dassifications  by  which  waters  in  their  raw  state  may  be  approxi- 
mately rated,  but,  as  the  report  states,  ''it  is  difficult  to  define  by 
analysis  sharply  the  line  between  good  and  bad  water  for  steam- 
making  purposes."  Table  11  gives  these  classifications  with  the 
amounts  transformed  to  parts  per  miUion. 


Tablb  11. — Ratings  of  waters  for  boiler 


Ratings  of  waters  for  boiler  use  according  to  proportions  of  inerusting  and 
corroding  constituents  and  according  to  foaming  constituents. 


stftoents. 

Foaming  oonstitnents. 

Parte  per  mfllion. 

Classiflca- 
tlon.o 

Parts  per  million. 

Classiflca- 
Uon.k 

than— 

Notmore 
than— 

ihaa— 

Notmore 
th^^ — 

00 

Good. 
Fair. 
Poor. 
Bad. 

150 
250 
400 

Good. 
Fair. 
Bad. 
Very  bad. 

90 
200 
430 

200 
430 

150 
250 
400 

a  Am.  By.  Eng.  and  Maintenance  of  Way  Assoc.  Proc.,  vol.  5,  p.  505, 1904. 
ft  Idem,  vol.  9,  p.  134. 1908. 

The  classification  by  inerusting  and  corroding  constituents  has 
been  appUed  to  the  computations  of  scale-forming  ingredients  (s)  in 
the  analytical  tables  accompanying  this  report.  The  quantity  of 
foaming  ingredients  (f)  should  always  be  considered  in  conjimction 
with  the  probable  amoimt  of  scale  or  sludge  that  would  be  formed, 
the  hardness  of  the  scale,  and  the  tendency  toward  corrosion.  These 
ratings  result  in  a  classification  rather  more  rigid  than  that  usually 
reported  by  chemists  of  railroads  in  California,  and  for  that  reason 
those  who  are  thoroughly  famiUar  with  local  conditions  and  with 
the  chemistry  of  water  will  doubtless  prefer  to  disregard  the  descrip- 
tive terms  of  the  classification  and  to  draw  their  own  conclusions 
r^arding  the  quality  of  the  waters  from  the  figures  representing 
scaling,  foaming,  and  corrosion.  The  classifications  are  given  prin- 
cipally for  the  aid  of  those  not  thoroughly  familiar  with  such  matters, 
and  rather  to  indicate  the  Umits  of  usefulness  than  to  define  rigidly 
the  value  of  the  waters. 

No  matter  how  low  a  water  may  be  in  imdersirable  constituents 
it  is  poor  economy  to  use  it  if  it  is  much  poorer  in  quaUty  than  the 
average  water  of  the  region  in  which  it  occurs.     On  the  other  hand. 
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if  the  best  available  supply  is  poor  the  economy  of  purifying  it  even 
at  large  expense  is  obvious.  Along  the  Atlantic  Coast,  where  waters 
containing  less  than  100  parts  per  million  of  incrusting  ingredients  are 
extremely  common,  a  supply  carrying  200  parts  of  such  substances 
would  not  be  considered  fair  for  boiler  use.  Throughout  most  of 
Mississippi  Valley,  however,  such  a  supply  would  be  considered  good, 
because  in  that  region  natural  waters  not  exceeding  100  parts  in  scale- 
forming  constituents  are  rare.  This  variance  in  local  standards  is 
well  illustrated  by  the  opinions  on  the  two  sides  of  San  Joaquin  Valley 
as  to  what  constitutes  a  good  boiler  water,  and  because  of  it  numerical 
standards  should  be  interpreted  relatively  not  literally.  At  the  same 
time  any  classification  by  nominal  ratings  must  be  applied  absolutely 
if  the  terms  are  to  have  comparative  significance  outside  the  region 
where  the  waters  exist.  Waters  of  poor  quality  can  be  improved  by 
treatment  in  softening  plants.  How  bad  a  water  may  be  used  with- 
out treatment  depends  on  the  cost  of  softening  the  water  and  the 
relative  saving  effected  by  the  use  of  the  softened  water.  A  report  ^ 
of  the  committee  on  water  service  of  the  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association  sets  forth  the  factors 
involved.  The  benefits  include  the  saving  in  boiler  cleaning,  repairs, 
and  fuel,  the  decrease  in  the  time  during  which  the  boilers  most  be 
withdrawn  from  service  for  cleaning  and  repairs,  the  decreased  depre- 
ciation of  the  boilers,  and  the  value  of  the  materials  removed  by  soften- 
ing. The  cost  of  softening  includes  the  cost  of  labor  and  power  for 
the  softening  apparatus,  the  cost  of  softening  chemicals,  the  interest 
on  the  cost  of  installation,  depreciation  in  the  value  of  the  softening 
plant,  and  the  waste  in  changing  boiler  feed  due  to  increased  foaming 
tendency. 

In  locomotive  service,  it  is  in  general  economical  to  treat  waters 
containing  250  to  850  parts  per  million  of  incrustants  and  to  treat 
those  containing  less  than  250  parts  if  the  scale  formed  contains  much 
sidphate.*  As  the  incrusting  solids  may  commonly  be  reduced  to 
80  or  90  parts  per  million,  the  economy  of  treating  boiler  waters 
deserves  consideration  in  a  region  where  many  supplies  contain  300 
to  500  parts  per  million  of  incrusting  matter. 

The  amoimt  of  mineral  matter  that  makes  a  water  unfit  for  boiler 
use  depends  on  the  combined  effect  in  boilers  of  the  softening  reagents 
used  with  such  waters  and  of  the  constituents  not  removed  by  soften- 
ing. Sodium  salts  added  to  remove  incrustants  or  to  prevent  corro- 
sion increase  the  foaming  tendency,  and  this  increase  may  be  great 
enough  to  render  a  water  useless  for  steaming.  It  is  not  of  much 
benefit  to  soften  a  water  containing  more  than  850  parts  per  millioB 
of  nonincrusting  material  and  much  incrusting  sulphate.'    Trouble 

»  Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc.  l*roc.,  vol.  8,  p.  601, 1907. 
s  Idem,  vol.  6,  p.  610, 1905. 
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firom  priming  in  locomotive  boilers  begins  at  a  concentration  of  about 
1,700  parts  per  million  of  foaming  constituents,  and  the  limit  of  safety 
for  stationary  boilers  is  reached  at  a  concentration  of  about  7,000 
parts.  Though  waters  containing  as  high  as  1,700  parts  per  miUion 
of  foaming  constituents  have  been  used,  it  is  usually  more  economical 
to  incur  considerable  expense  in  replacing  such  supplies  by  better 
(mes. 

WATBB  FOB  MISCELLANEOUS  INDUSTBIAL  USES. 
GENERAL  REQUISITES. 

Many  articles  are  affected  by  the  ingredients  of  the  water  used  in 
their  manufacture  and  can  be  improved  by  its  purification.  If  by 
the  same  process  the  boiler  efficiency  of  the  factory  can  be  increased 
the  expense  is  often  justified  when  it  would  not  be  warranted  merely 
by  the  increased  value  of  the  product.  This  observation  apphes 
particularly  to  paper,  pulp,  and  strawboard  mills,  laundries,  and 
other  establishments  where  large  quantities  of  water  are  evaporated 
to  furnish  steam  for  drying,  and  to  ice  factories  and  similar  plants 
where  distilled  water  is  required. 

Besides  its  use  for  steam  making  water  plays  a  specific  part  in 
niany  manufacturing  processes.  In  paper  mills,  strawboard  mills, 
bleadieries,  dye  works,  canning  factories,  pickle  factories,  cream- 
mes,  slaughterhouses,  packing  houses,  nitroglycerin  factories,  distil- 
Iffies,  breweries,  woolen  mills,  starch  works,  sugar  works,  canneries, 
gjue  factories,  soap  factories,  and  chemical  works  water  becomes  a 
part  of  the  product  or  is  essential  in  its  manufacture.  In  most  of 
these  establishments  the  principal  fimction  of  the  water  is  that  of  a 
cleansing  agent  or  a  vehicle  for  other  substances,  and  therefore  a 
supply  free  from  color,  odor,  suspended  matter,  microscopic  organ- 
isms, and  especially  from  bacteria  of  fecal  origin,  and  fairly  low  in 
dissolved  substances,  especially  iron,  is  with  few  exceptions  satisfac- 
tory. But  water  hygienically  acceptable  is  necessary  where  it  comes 
into  contact  with  or  forms  part  of  food  materials,  as  in  the  making 
of  beverages,  sugar,  and  dairy  or  meat  products.  As  ideal  waters 
for  any  use  are  rare,  the  manufacturer  must  ascertain  what  degree 
of  freedom  from  impurities  is  necessary  to  prevent  injury  to  his 
machinery  or  to  his  output  and  whether  the  cost  of  obtaining  such 
purity  is  counterbalanced  by  decreased  cost  of  production  and 
mcreased  value  of  product. 

EFFECTS  OF  DISSOLVED   AND  SUSPENDED  MATERIALS. 

The  effects  in  some  industries  of  the  substances  most  commonly 
found  in  water  are  outlined  in  the  following  pages,  the  object  being 
to  offer  approximate  standards  for  classification. 
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FBSB  ACIDS. 

Free  mineral  acids,  such  as  the  sulphuric  acid  in  drainage  from 
coal  mines  or  the  hydrochloric  acid  in  the  effluents  of  some  indus- 
trial establishments,  are  especially  injurious  and  nearly  always  have 
to  be  neutralized  before  the  waters  containing  them  can  be  used 
industrially.  In  paper  mills,  cotton  mills,  bleacheries,  and  dye 
works  waters  containing  a  measurable  amount  of  free  mineral  aoid 
decompose  chemicals,  streak  and  rot  fabrics,  and  corrode  and  rapidly 
destroy  metal  screens,  strainers,  and  pipes. 

SUBPIHDSD  MATTER. 

Suspended  matter  in  surface  waters  may  be  of  vegetable,  jnineral, 
or  animal  origin,  as  it  consists  of  particles  of  sewage,  bits  of  leaves, 
sticks  and  sawdust,  and  sand  and  clay.  The  fine  silt  so  common  in 
rivers  of  the  West  is  largely  derived  from  clay.  Few  well  waters 
contain  suspended  animal  or  vegetable  matter,  but  many  carry  finely 
divided  sand  and  clay,  and  many  become  turbid  by  precipitation  of 
dissolved  ingredients.  Suspended  matter  is  objectionable  in  all 
processes  in  which  water  is  used  for  washing  or  comes  into  contact 
with  food  materials,  because  it  is  Ukely  to  stain  or  spot  the  product. 
Susi>ended  matter  due  to  precipitated  iron  is  especially  injurious  even 
in  small  amount.  Suspended  vegetable  or  animal  matter  liable  to 
decomposition  or  to  partial  solution  is  much  more  objectionable,  even 
in  small  amount  (10  to  20  parts  per  million),  than  equal  quantities  of 
mineral  matter.  For  these  reasons  water  should  be  freed  from  sus- 
pended matter  before  being  used  for  laundering,  bleaching,  wool 
scouring,  paper  making,  dyeing,  starch  and  sugar  making,  brewing, 
distilling,  and  similar  processes.  In  making  the  coarser  grades  of 
paper,  such  as  strawboard,  a  small  amount  of  sus{>ended  matter  is 
not  especially  injurious,  but  for  the  finer  white  and  colored  varieties 
clear  water  is  essential. 

COLOR. 

Color  in  water  is  due  principally  to  solution  of  vegetable  matter. 
Materials  bleached,  washed,  or  dyed  hght  shades  in  colored  water  are 
likely  to  become  tinged.  Highly  colored  waters  can  be  used  in  mak- 
ing wrapping  or  dark-tinted  papers  but  not  in  making  the  white 
grades,  and  paper  manufacturers  are  put  to  great  expense  for  water 
purification  on  that  account.  The  lower  waters  are  in  color,  there- 
fore, the  more  desirable  they  are  for  use  in  bleacheries,  dye  works, 
paper  miUs,  and  other  factories  where  brown  tints  in  the  products 
are  undesirable. 

IRON. 

Iron  is  the  most  undesirable  dissolved  constituent,  and  its  presence 
in  comparatively  small  quantities  necessitates  purification.  Many 
ground  waters  contain  1  to  20  parts  per  miUion  of  iron,  which  jnay 
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be  preeipitated  by  exposure  to  the  air  and  by  release  of  hydrostatic 
pressure,  causing  the  waters  to  become  turbid,  and  many  such  waters 
deydop  rusty-looking  gelatinous  growths  that  may  interfere  in  in- 
dustrial operations.  In  all  cleansing  processes  ^  especially  if  soap  or 
alkali  is  used,  precipitated  iron  is  likely  to  cause  rusty  or  dull  spots. 
In  contact  witli  materials  containing  tannin  compounds  iron  forms 
greenish  or  black  substances  that  discolor  the  product.  Therefore 
many  waters  containing  amounts  even  as  small  as  1  or  2  parts  per 
million  of  iron  have  to  be  purified  before  they  can  be  used  industrially. 
In  water  for  dye  works  iron  is  especially  objectionable  and  commonly 
prevents  the  use  of  the  water  without  purification.*  Iron  in  the 
water  supply  of  paper  mills  may  be  precipitated  on  the  pulp,  giving 
a  Wown  color,  or  during  sizing  or  tinting,  giving  spotty  effects. 
Water  containing  much  iron  can  not  be  used  in  bleaching  fabrics 
because  salts  that  spot  the  goods  are  formed.  The  dark-colored  com- 
pounds that  iron  forms  with  tannin  discolor  hides  in  tanning  and 
barley  in  malting,  and  give  beer  a  bad  color,  odor,  and  taste.' 

CALcnm  Aim  MAovzsnm. 

Caldum  and  magnesium  are  similar  in  their  industrial  effects.  In 
water  their  amounts  bear  a  more  or  less  definite  relation  to  each  other, 
most  waters  carrying  10  to  50  per  cent  as  much  magnesium  as  calcium. 
Both  are  precipitated  on  whatever  is  boiled  in  water  containing  them, 
fomiing  a  deposit  that  may  interfere  with  later  operations.  They 
abo  decompose  equivalent  amounts  of  many  chemicals  employed  in 
technical  operations,  causing  waste  and  forming  alkaline-earth  com- 
pounds that  interfere  with  the  later  treatment  of  fabrics.  These  are 
the  strongest  incentives  to  preliminary  softening.  Some  of  the  chem- 
icals used  to  disint^rate  the  fibers  in  making  pulp  are  consumed  by 
the  calcium  and  magnesium  in  the  water  supply,  though  the  loss  from 
this  source  is  not  nearly  so  great  as  that  which  occurs  later  when  the 
resin  soap  used  in  sizing  the  paper  is  decomposed  by  the  calciiun  and 
magnesium.  The  insoluble  soaps  thus  created  do  not  fix  themselves 
on  the  fibers,  but  form  clots  and  streaks.  Similar  decomposition  of 
valuable  cleansing  materials  and  subsequent  deposition  of  insoluble 
compounds  take  place  in  laimdering,  wool  scouring,  and  similar  proc- 
esses. In  the  manufacture  of  soap,  calcium  and  magnesium  form 
with  the  fatty  acids  curdy  precipitates  that  are  insoluble  in  water  and 
therefore  have  no  cleansing  value.  They  interfere  with  many  dyeing 
operations,  neutralizing  chemicals  and  changing  the  reactions  of  the 
baths,  besides  forming  insoluble  compounds  with  many  dyes.  Highly 
calcareous  waters  can  not  be  used  for  boiling  the  grain  in  distilleries 
because  they  hinder  proper  action  by  causing  the  deposition  of 

1  S«dUer«  8.  P.,  A  handbook  of  industrial  organic  chemistry,  p.  483,  Philadelphia,  1900. 
>  De  la  Coax,  M.  A.  J.,  L'eau  dans  I'hidustrie,  pp.  187, 232,  Paris,  1900. 
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alkaline-earth  salts  on  the  particles  of  grain,  nor  for  diluting  spirits 
because  they  cause  turbidity.*  Very  soft  water,  on  the  other  hand, 
is  said  to  be  xmdesirable  in  paper  mills  for  loading  papers  with  any 
form  of  calcium  sulphate  because  such  waters  dissolve  part  of  the 
loading  materials.'  Probably  waters  high  in  chlorides  would  also  be 
bad  for  this  purpose,  because  chlorides  increase  the  solubility  of 
calcium  sulphate. 

CABBONATB. 

The  eflfects  of  carbonate  and  bicarbonate  in  waters  used  in  industrial 
processes  are  commonly  not  differentiated.  It  is  not  unusual  to 
estimate  the  combined  carbonic  acid  and  to  state  it  as  the  carbonate 
without  distinguishing  between  carbonate  and  bicarbonate,  though 
in  many  natural  waters  the  carbonate  radicle  is  absent  and  the  com- 
bined carbonic  acid  is  in  the  form  of  bicarbonate.  If  hard  waters 
proportionately  high  in  carbonate  and  low  in  sulphate  are  boiled  the 
bicarbonate  radicle  is  decomposed,  free  carbonic  acid  is  given  off, 
and  the  greater  part  of  the  calcium  and  magnesiiun  is  precipitated. 
Consequently  waters  of  that  character  are  generally  more  desirable 
for  industrial  operations  than  waters  high  in  sulphate  and  low  in  car- 
bonate, whose  hardening  constituents  are  not  greatly  reduced  by 
boiling.  In  beer  making  waters  high  in  carbonate  are  said  to  produce 
dark-colored  beers  with  a  pronounced  malt  flavor  because  the  car- 
bonate increases  the  solubility  of  the  nitrogenous  bodies,  whereas 
waters  high  in  sulphate  yield  pale  beers  with  a  definite  hop  flavor 
because  the  sulphate  reduces  the  solubility  of  the  malt  and  the  color- 
ing matters.' 

SULPHATB. 

The  influence  of  sulphate  in  beer  making  has  been  noted.  Hard 
waters  with  sulphate  predominating  are  desirable  in  tanning  heavy 
hides,  because  they  swell  the  skins,  exposing  more  surface  for  the 
action  of  the  tan  liquors.*  Sulphate  interferes  with  crystallization 
in  sugar  making  by  increasing  the  amount  of  sugar  retained  in  the 
mother  liquor. 

CHLOBIHB. 

High  chlorine  is  usually  accompanied  by  high  alkalies.  Appreci- 
able amounts  of  chlorine  are  injurious  in  many  industrial  processes. 
Beverages  and  food  products,  of  course,  can  not  be  treated  with 
waters  very  high  in  chlorine  without  becoming  salty.  In  tanning, 
chlorides  cause  the  hides  to  become  thin  and  flabby.*    Animal  char- 

1  De  la  Coux,  M.  A.  J.,  L'eau  dans  I'indostiie,  p.  251,  Paris,  1900. 

« Cross,  C.  F.,  and  Beran,  E.  J.,  A  textbook  of  paper  making,  p.  294,  New  Yorta;  1900. 

« Brewing  water,  its  defects  and  remedies,  p.  19,  American  Bnrtonising  Co.,  New  Ycrk,  1900.  Alio 
De  la  Coux,  M.  A.  J.,  op.  cit.,  p.  109. 

« Parker,  H.  N.,  and  others,  The  Potomac  River  basin:  U.  s.  Oeol.  Sunr^  Wate^Sopply  P^Mf  193, 
p.  194, 1907. 
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coal  \Bed  in  clarifying  sugar  is  robbed  of  its  bleaching  power  by 
absorption  of  salt.  The  quality  of  sugars  is  affected  by  chloride- 
bearing  waters,  because  saline  salts  are  incorporated  in  the  crystals.^ 
In  the  preparation  of  alcoholic  beverages  chlorides  in  large  amount 
prevent  the  growth  of  the  yeast  and  interfere  with  the  germination  of 
the  grain.  The  only  conmierciafly  developed  way  of  removing  chlo- 
rine from  water  is  distillation.  As  the  cost  of  this  process  has  been 
greatly  reduced  by  use  of  multiple-effect  evaporators,  it  is  worth  con- 
sideration where  chloride-bearing  waters  must  be  used. 

OBOAHIC  MATTER. 

Organic  matter  of  fecal  origin  is,  of  course,  dangerous  in  any  water 
that  comes  into  contact  with  food  products,  and  water  so  polluted 
shonld  be  purified  before  being  used.  Care  in  this  respect  is  par- 
ticolarly  necessary  in  creameries,  slaughterhouses,  caimeries,  pickle 
factories,  distilleries,  breweries,  and  sugar  factories.  Organic  matter 
not  necessarily  capable  of  producing  disease  is  further  undesirable  in 
industrial  supplies  because  it  induces  decomposition  in  other  organic 
materials,  like  cloth,  yam,  sugar,  starch,  meat,  or  paper,  rotting  and 
discoloring  them,  and  because  it  causes  slime  spots  on  fabrics  by  sup- 
porting algae  growths. 

KYDROOSK  STJLPHZDE.  * 

Hydrogen  sulphide  (H,S),  a  gas  with  an  odor  like  that  of  rotten 
eggs,  occurs  dissolved  in  some  groimd  waters.  It  is  corrosive  even 
in  small  quantities,  and  it  also  injures  materials  by  discoloring  and 
rotting  them. 

mSCXLLAHSOirS  SUBSTANCES. 

Silica  and  aluminum  are  usually  not  present  in  suflBcient  quantity 
appreciably  to  affect  any  industrial  process,  except  those  in  which 
water  is  evapK)rated.  Large  quantities  of  sodium  and  potassium,  by 
adding  to  the  amount  of  dissolved  matter,  are  objectionable  in  some 
manufacturing  operations.  Phosphates,  nitrates,  and  some  other 
substances  not  noted  in  this  outline  interfere  with  industrial  chemical 
reactions,  but  they  are  present  in  few  natural  waters  in  sufficient 
quantity  to  have  noticeable  effect. 

WATER  FOB  DOMESTIC  USE. 
PHYSICAL  QUALITIES. 

Entirely  acceptable  domestic  supplies  are  free  from  suspended 
matter,  color,  odor,  and  taste  and  are  fairly  cool  when  they  reach  the 
consumer.  The  more  nearly  waters  fulfill  these  conditions  the  more 
satisfactory  they  are  for  general  use.  Suspended  mineral  matter 
dogB  pipes,  valves,  and  faucets,  and  growths  of  microscopic  plants 


1  De  la  Coax,  M.  A.  J.,  op.  oit.,  p.  162. 
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suspended  in  water  frequently  cause  odors  and  stains.  The  outlets 
of  some  artesian  wells  in  San  Joaquin  Valley  are  surrounded  by 
growths  of  microscopic  organisms,  which  form  tufts  or  layers  in  pipes 
and  well  casings  and  sometimes  clog  them.  Detached  particles 
escape  through  faucets,  giving  the  water  an  unsightly  appear&nce 
and  staining  clothes  washed  in  it.  So  far  as  known,  such  growi^hs  in 
tanks  and  mains  do  not  cause  disease,  but  they  often  impcurt  un- 
pleasant odors  that  make  the  water  objectionable.  True  color  is 
usually  due  to  dissolved  vegetable  matter  and  causes  serious  objec- 
tion only  when  it  exceeds  20  to  30  parts  per  million. 

In  general,  the  well  waters  of  this  area  are  satisfactory  in  respect 
to  suspended  mineral  matter  and  color.  Finely  divided  material 
from  quicksands  enters  some  driven  wells,  but  such  trouble  is  not 
so  serious  as  it  is  in  other  parts  of  the  country.  A  few  waters,  espe- 
cially those  containing  iron,  develop  a  turbidity  of  10  to  30  parts 
per  million  on  exposure  to  the  air  by  precipitating  dissolved  matter, 
and  such  condition  gives  rise  to  apparent  though  not  to  real  color. 
The  only  ground  waters  possessing  much  real  color  were  found  near 
the  north  end  of  Tulare  Lake,  where  buried  peat  beds  of  old  swamps 
probably  contribute  the  organic  matter  that  causes  the  color. 

The  odor  most  commonly  noticed  in  the  groimd  waters  of  the 
valley  is  that  of  hydrogen  sulphide,  especially  in  the  area  where 
artesian  wells  yield  notable  quantities  of  natural  gas.  According  to 
analyses  quoted  by  Watts  *  the  gas  from  wells  at  Stockton  comprises 
about  25  per  cent  nitrogen,  12  per  cent  hydrogen,  and  60  per  cent 
hydrocarbon  illuminants  estimated  as  marsh  gas  (CH4),  and  proba- 
bly this  composition  represents  the  general  character  of  the  gas 
throughout  the  valley,  though  the  proportions  of  the  substances  may 
differ  locally.  The  content  of  hydrogen  sulphide  is  doubtless  very 
small,  but  minute  quantities  of  it  are  sufRcient  to  cause  appreciable 
odor.  This  smell,  nauseating  to  some  people,  can  usually  be  re- 
moved by  spraying  or  splashing  the  water. 

BACTERIOLOGICAL   QUALrTIES. 

Before  a  water  is  used  for  domestic  purposes  there  should  be 
reasonable  certainty  that  it  is  free  from  disease-bearing  organisms 
and  that  it  can  be  guarded  against  all  chances  of  infection.  The  dis- 
ease germs  most  commonly  carried  by  water  are  those  of  typhoid 
fever.  The  bacilli  enter  the  supply  from  some  spot  infected  by  the  dis- 
charges of  a  person  sick  with  this  disease,  and,  though  comparatively 
short  lived  in  water,  they  persist  in  fecal  deposits  and  retain  their 
power  of  infection  for  remarkable  lengths  of  time.  Consequently, 
water  from  lakes  and  streams  draining  from  population  centers  or 

1  Watts,  W.  L.,  The  gas  and  petroleum  yielding  fonnations  of  the  central  vall^  of  Califoniia:  CaUidrnia 
state  Mining  Bar.  Boll.  3,  p.  76, 1804. 
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from  irrigated  fields  should  not  be  used  for  drinking  without  purifica- 
tion. WeHs  should  be  so  located  as  to  be  guarded  against  the  en- 
trance of  filth  of  any  kind,  either  over  the  top  or  by  infiltration. 
Pumps  and  piping  in  the  system  should  also  be  protected.  Water 
from  a  carefully  cased  well  more  than  20  or  30  feet  deep  is  acceptable 
if  tiie  well  is  located  at  a  reasonable  distance  from  privies,  cesspools, 
and  other  sources  of  pollution.  Many  open  dug  wells  and  pits  con- 
structed as  reservoirs  around  the  tops  of  casings  are  exposed  to  fecal 
oontaminatdon  from  above  or  through  cracks  in  poorly  built  side 
walk.  Care  should  be  taken  that  the  casings  of  deep  wells  do  not  be- 
come leaky  near  the  surface  of  the  ground  so  as  to  allow  pollution  to 
enter.  As  a  matter  of  ordinary  precaution  the  ground  should  be  kept 
dean  and  water  should  not  be  allowed  to  become  foul  or  stagnant 
near  any  well,  no  matter  how  deep.  If  shallow  dug  welk  are  neces- 
sary they  should  be  constructed  with  water-tight  walls  extending  as 
far  as  practicable  into  the  well  and  also  a  short  distance  above  ground. 
The  ftoor  or  curbing  should  be  water-tight,  and  pumps  should  be  used 
in  preference  to  buckets  for  raising  the  water.  Every  possible  pre- 
caution should  be  taken  to  prevent  feet  scrapings  and  similar  dirt 
from  getting  into  the  well.  Ground  water  is  not  only  less  likely  to 
become  contaminated  when  protected  from  surface  washings,  air, 
and  light,  but  it  keeps  better  and  is  less  likely  to  develop  microscopic 
plants  that  give  it  an  unpleasant  taste. 

CHEMICAL   QUALrriES. 

The  amounts  of  dissolved  substances  permissible  in  a  domestic 
supply  depend  much  on  their  nature.  No  more  than  traces  of 
barimn,  copper,  zinc,  or  lead  should  be  present,  because  these  sub- 
stances are  poisonous;  however,  their  occurrence  in  measurable 
unounts  in  ordinary  waters  is  so  rare  that  tests  for  them  are  not 
usually  made.  Any  constituent  present  in  sufficient  amount  to  be 
deariy  perceptible  to  the  taste  is  objectionable.  Water  containing  2 
parts  per  milUon  of  iron  is  xmpalatable  to  many  people  and  may 
cause  trouble  by  discoloring  washbowls  and  tubs  and  by  producing 
rusty  stains  on  clothes.  Tea  and  coflfee  can  not  be  made  satisfactorily 
with  water  containing  much  iron  because  a  black  inky  compoimd  is 
fonned.  Four  or  five  parts  of  hydrogen  sulphide  makes  a  water 
unpleasant  to  the  taste,  and  this  gas  is  objectionable  also  because  it 
corrodes  well  strainers  and  other  metal  fittings.  The  amounts  of 
^ca  and  aluminum  ordinarily  present  in  well  waters  have  no  special 
significance  in  relation  to  domestic  supply. 

Approximately  250  parts  of  chlorine  makes  a  water  '^  salty,"  and 
less  than  that  amount  causes  corrosion.  Where  the  chlorine  con- 
tent runs  as  low  as  5  or  10  parts  in  normal  waters  unaffected  by 
wnmal  pollution  the  amount  of  chlorine  is  frequently  taken  as  a 
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measore  of  contamination.  But  the  establishment  of  isodilois,  or 
lines  of  equal  chlorine,  in  San  Joaquin  Valley  would  be  of  little 
sanitary  value,  because  many  of  the  groxmd  waters  dissolve  so  much 
chlorine  from  the  silt  that  the  small  changes  caused  by  animal  pollu- 
tion are  completely  masked. 

Calcium  and  magnesium  are  the  chief  causes  of  what  is  known  as 
the  hardness  of  water.  This  xmdesirable  quality  is  indicated  by  in- 
creased soap  consiunption  and  by  deposition  on  kettles  of  scale  com- 
posed almost  entirely  of  calcium,  magnesium,  carbonate,  and  sul- 
phate. Calcium  and  magnesium,  forming  with  soap  insoluble  curdy 
compounds  that  have  no  cleansing  value,  prevent  the  formation  of  a 
lather  until  these  two  basic  radicles  have  been  precipitated.  Hard- 
ness is  commonly  measured  by  the  soap-consuming  capacity  of  a  water 
expressed  as  an  equivalent  of  calcium  carbonate  (CaCOj),  and  it  can 
be  determined  by  actual  testing  with  a  standard  solution  of  soap  or 
can  be  computed  from  the  amoxmts  of  calcium  (Ca)  and  m^nesium 
(Mg)  by  means  of  the  following  formula: 

Total  hardness  as  CaC03  =  2.5  Ca-f  4.1  Mg. 

If,  as  Whipple  states,*  1  pound  of  ordinary  soap  would  soften  only 
about  24  gallons  of  water  having  a  total  hardness  of  200  parts  per 
million,  it  can  readily  be  seen  that  the  hardness  of  water  is  of  intimate 
concern,  especidly  in  the  west  side,  where  waters  as  hard  as  300  to 
1,000  parts  are  common.  Soda  ash  (sodium  carbonate)  is  used  to 
''break''  or  soften  hard  water  in  order  to  save  soap.  Some  large 
cities  in  other  States  have  found  it  advisable  to  soften  their  public 
suppUes  instead  of  leaving  that  task  to  the  individual  consumer. 

MINERAL   MATTER   AND   POTABILriT. 

The  lower  waters  are  in  mineral  content  the  more  acceptable  they 
are  as  sources  of  supply,  yet  the  amoimt  of  dissolved  substances  that 
can  be  tolerated  in  drinking  water  is  much  greater  than  that  allowable 
in  city  supplies,  for  which  hardness,  corrosion,  pipe  clogging,  and 
general  utiUty  have  to  be  considered.  Though  there  are  certain 
limits  above  which  the  common  ingredients  are  intolerable,  these 
Umits  are  not  only  diflBcult  to  ascertain  but  are  also  likely  to  shift. 
A  normal  water  is  not  a  pure  solution  of  one  salt,  whose  physiologic 
eflFect  can  be  measured,  but  an  indeterminate  mixture  of  solutions  of 
several  salts  whose  eflFects  are  not  easily  differentiated.  Further, 
though  all  animals  select  for  drinking  waters  that  are  lowest  in  solids 
and  avoid  those  that  are  highest,  the  same  animals,  when  trans- 
ported to  districts  of  poor  water,  accustom  themselves  to  supplies  of 
far  greater  mineral  content  than  those  which  before  they  would  not 

» Whipple,  G.  C,  The  value  of  pure  water,  p.  26,  New  York,  1907. 
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tondi.  Consequently  any  general  limits  that  may  be  assigned  to  the 
Tirious  mineral  ingredients  must  be  r^arded  as  extremely  flexible. 
TTie  truth  of  this  statement  may  be  more  fully  appreciated  by 
consideration  of  the  data  in  Table  12,  in  which  the  analyses  are 
grouped  according  to  the  chemical  character  of  the  waters  and  are 
anranged  in  each  group  in  descending  order  of  strength. 

Table  12. — Mineral  matter  in  certain  waters. 
[Parts  per  million.) 


No. 

OBTbonate 
ndJde 
(CO,). 

Sulphate 
radicle 
(SOO. 

Chlorine 

Total 
hardness 
as  CaCOi. 

Total 
solids. 

Calcium 
and  mag- 
nesium 
(Ca+Mg). 

Sodium 

and 

potassium 

(Na+K). 

Character 
of  water. 

1.... 

43 

Tr. 

4,310 

2,800 

7,489 

966 

1,550 

Na-a. 

>... 

360 

1,560 
5 

1,300 
1,740 

5,000 

Do. 

1.... 

75 

9i6* 

3,600 

366' 

830' 

Do. 

1... 

46 

328 

1,520 

506 

3,600 

170 

1,030 

Do. 

5... 

54 

390 

1,060 

490 

2,800 

160 

750 

Do. 

1... 

20O 

5 

279 

31 

872 

11 

320 

Do. 

>... 

110 

2,300 

800 

4,900 

Na-SOi. 

8.... 

100 

1,810 

160 

i'iso* 

3,200 

380* 

580' 

Do. 

f.... 

302 

1,640 

460 

1,760 

4,100 

150 

600 

Do. 

a.... 

91 

800 

150 

660 

1,700 

190 

320 

Do 

u.... 

73 

430 

75 

83 

940 

25 

300 

Do. 

i>... 

410 

620 

500 

2,470 

Na^Oi. 
Do. 

13.... 

963 

Tr. 

492 

660' 

2,452 

ioi* 

760' 

U... 

ao8 

Tr. 

135 

47 

750 

15 

240 

Do. 

B,... 

100 

Tr. 

64 

71 

350 

24 

86 

Do. 

«.... 

75 

1,680 

145 

1,280 

2,900 

400 

400 

Ca^04. 

17.... 

72 

1,380 

150 

1,320 

2,500 

440 

220 

Do. 

K.... 

60 

1,380 

135 

1,100 

2,400 

370 

306 

Do. 

».... 

74 

895 

85 

720 

1,700 

228 

206 

Do. 

»-.., 

38 

9 

4 

50 

160 

16 

16 

Ca-CO,, 

>  ftoa.  a  manuscript  rroort  by  Herman  Stabler  on  the  underground  waters  of  Carson  Sink,  1901.    The 
^fSm  aialTses  -wen  made  for  this  report. 

The  first  group  in  Table  12  represents  sodium  chloride  waters;  that 
is,  waters  in  which  alkalies  and  chlorides  predominate.  Analysis  No. 
1,  of  water  from  a  gas  well  in  Stockton,  represents  a  solution  of  the 
ddorides  of  calcium,  magnesium,  sodium,  and  potassium  with  little 
dse.  The  water  contains  4,310  parts  per  million  of  chlorine,  and  it 
»  so  salty  that  it  is  nauseating.  The  water  represented  by  the  next 
analysis  has  been  used  by  the  owner's  family  several  years  for  all 
domestic  purposes,  but  visitors  object  to  it  and  consider  it  disagree- 
able to  drink.  No.  3  is  the  analysis  of  water  from  a  deep  well  near 
Stockton  that  was  formerly  used  as  a  source  of  domestic  supply  but 
has  been  abandoned.  Nos.  4  and  5  are  analyses  of  water  from 
artesian  wells  near  San  Joaquin  River,  and  though  both  supplies  taste 
disagreeably  salty  to  persons  not  accustomed  to  them,  they  are  regu- 
larly used  for  drinking,  cooking,  and  washing.  Two  gallons  of  the 
fonner  water  contains  about  as  much  common  salt  as  a  poxmd  of 
uncooked  ham.  No.  8,  the  test  of  the  supply  of  a  very  deep  w- 
^ian  well  on  the  west  side  not  far  from  Lemoore,  indicates  a  water 
niuch  lower  in  chloride  but  higher  in  carbonate  or  "black  alkali." 
As  the  f ann  on  which  the  well  is  situated  was  not  occupied  informa- 
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tion  r^arding  the  value  of  the  water  as  a  constant  beverage  could 
not  be  obtained.  It  contains  much  gas  and  would  be  distasteful  on 
that  account;  otherwise,  however,  it  differs  from  that  represented  by 
No.  14  only  in  being  somewhat  higher  in  chloride  and  alkalies. 

More  strongly  mineralized  alkaline  sulphate  waters  are  drunk. 
The  first  one  (see  analysis  No.  7),  from  a  well  in  Carson  Sink,  was 
used  when  necessary,  but  the  domestic  supply  was  commonly  hauled 
from  another  source  several  miles  away.  The  water  represented  by 
analysis  No.  8,  which  has  been  used  for  all  domestic  purposes  for 
several  years  on  a  ranch  west  of  Mendota,  carries  1,800  parts  of 
sulphate  and  exceeds  3,000  in  total  solids.  It  has  a  distinct  taste 
and  drinking  a  quart  of  it  would  be  equivalent  to  taking  somewhat 
less  than  a  minimum  dose  of  Glauber's  salt.  The  water  correspond- 
ing to  No.  9  was  used  in  the  cook  wagon  and  for  watering  the  stock 
about  one  year  on  a  ranch  near  Tulare  Lake,  but  it  was  considered 
*' alkali"  water,  and  the  domestic  supply  is  now  obtained  from  a 
deeper  and  much  better  weU.  Chloride  and  carbonate,  as  well  as 
sulphate,  however,  are  notably  high  in  this  water.  The  waters  cor- 
responding to  10  and  11  are  used  for  all  domestic  purposes,  though 
they  have  a  distinct  taste.  The  former  is  one  of  a  battery  of  weUs 
that  have  been  the  exclusive  supply  of  a  family  for  three  years,  and 
the  latter  is  the  municipal  supply  of  Mendota. 

The  examples  in  the  next  group  prove  that  less  alkaline  carbon- 
ates can  be  tolerated.  The  first  analysis  (No.  12)  shows  a  water  abo 
high  in  chloride  but  not  excessive  in  sulphate.  This  water  has  a 
color  of  130,  and  it  obviously  carries  much  ''black  alkaU."  A  party 
of  men  accustomed  to  alkali  was  so  badly  afllicted  with  diarrhea 
after  drinking  this  water  that  work  had  to  be  stopped  until  another 
supply  could  be  obtained.  No.  13  shows  nearly  double  the  amount 
of  carbonate  but  no  sulphate.  This  water  supplies  a  trough  for 
stock,  but  it  was  evidently  repugnant  to  the  cattle,  and  current 
report  in  the  neighborhood  is  to  the  effect  that  water  from  wells 
of  the  same  depth  ''kills  hogs,"  a  phrase  that  seems  to  express  the 
acme  of  imdcsirability.  The  mixture  of  alkaline  carbonates  and 
chlorides  with  the  former  predominating,  indicated  by  test  No.  14, 
has  been  used  many  years,  but  it  is  much  lower  in  carbonate  than 
the  preceding  two.  The  water  listed  imder  No.  15,  the  city  supply 
of  Stockton  for  many  years,  is  dnmk  both  by  the  inhabitants  of  the 
city  and  by  visitors  without  harmful  effect. 

Though  the  next  four  are  designated  calcium  sulphate  waters  the 
alkalies  also  are  high,  and,  furthermore,  application  of  the  term  calcimn 
necessarily  implies  the  presence  of  magnesium  in  amoimts  ranging 
from  10  to  40  per  cent  of  the  total  calcium  and  magnesium  given 
in  the  seventh  ooltuam  of  the  table.  The  water  corr^ponding  to 
No.  16  can  not  be  used  for  cooking,  and  herders  object  to  it  so  strongly 
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that  the  drinkhig  supply  is  hauled  8  miles  from  the  weU  represented 
by  No.  17,  which  oarries  300  parte  less  of  sulphate  and  about  half  as 
much  sodium  and  potassium.  Analysis  No.  18,  which  is  similar  to 
No.  17,  is  of  a  water  that  has  been  used  more  than  10  years  for  cooking 
and  drinking  by  one  man.  These  three  waters  tasted  impleasantly 
strong  to  the  writer  and  seemed  to  increase  thirst  instead  of  quenching 
ii  Though  the  water  represented  by  analysis  No.  19  is  lower  in  sul- 
phate than  the  preceding  ones  of  this  group,  it  is  strongly  mineralized. 
It  is  the  hotel  supply  at  Huron,  where  it  is  used  for  all  purposes. 

Calcium  carbonate  waters  are  extremely  common,  but  it  is  unusual 
for  them  to  be  so  highly  mineralized  as  those  of  other  classes.  The 
Tcpreeentative  of  this  type,  indicated  by  test  No.  20,  is  low  in  total 
sdids  and  is  entirely  acceptable  for  drinking  and  cooking. 

The  immediate  consequence  of  drinking  waters  too  high  in  mineral 
contmt  is  usually  diarrhea.  Many  persons  at  first  afflicted  with 
this  trouble  become  accustomed  to  the  new  supply  and  acquire  what 
may  be  termed  immunity.  Whether  other  disorders  result  from 
the  continued  drinking  of  such  waters  is  not  known;  and  it  is  equally 
uncertain  whether  cattle  and  horses  that  so  commonly  are  reported 
to  have  been  killed  by  drinking  strong  mineral  water  were  killed  by 
the  purging  produced  by  the  mineral  matter  in  the  water  or  by 
excessive  consumption  of  water  itself.  It  would  appear  from  the 
data  in  Table  12  and  the  comments  on  it  that  alkaline  carbonates 
are  most  injurious  and  alkaline  sulphates  least  injurious  and  that 
alkaline  chlorides  occupy  an  intermediate  position.  This  arrange- 
m^t  corresponds  to  the  order  of  the  same  substances  in  reference 
to  their  toxic  effect  on  plants.  The  most  striking  feature  is  that 
the  amoxmts  of  mineral  matter  in  most  of  these  waters  is  much 
greater  than  that  ordinarily  considered  permissible  in  drinking 
water.  Waters  exceeding  300  parts  per  million  of  carbonate,  1,500 
parts  of  chloride,  or  2,000  parts  of  sulphate  are  apparently  intolera- 
ble to  most  people.  These  limits  fortimately  are  far  beyond  the 
pomts  where  the  substances  in  solution  are  clearly  perceptible  to 
the  ordinary  taste.  In  conclusion  it  can  not  be  too  emphatically 
stated  that  the  information  on  this  subject  is  fragmentary  and  im- 
certain  snd  that  any  limits  of  mineral  tolerance  are  modified  by 
individual  idiosyncrasy.* 

INTEEPEETATION  OP  FIELD  ASSAYS  IN  RELATION  TO  POTABILriT. 
CBXMIOAL  OHA&ACTXB. 

The  total  amoimt  of  mineral  matter  and  the  nature  of  the  chief 
constituents  in  a  water  comprise  the  essential  information  for  judg- 
ing its  potability  in  respect  to  mineral  ingredients.    Though  nitrates, 

>  For  farther  data  see  Dole,  R.  B.,  Concentration  of  mineral  water  in  relation  to  therapeutic  activity: 
U-  8.  GeoL  Sarv^y  Minena  ResouroOB,  19U,  pt.  2,  pp.  117&-1192, 1912. 
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phosphates,  sulphides,  and  other  substances  occur  in  some  waters 
they  may  usually  be  disregarded  in  interpretation  or  their  insignifi- 
cance verified  by  a  few  laboratory  analyses.  Silica  is  usually  present 
in  colloidal  form  and  it  is  relatively  constant  in  quantity. 

Calcium  and  magnesium  are  similar  in  many  effects  and  they 
vary  in  amoimt  together,  calcium  usually  being  the  greater.  Sodium 
and  potassium  are  so  similar  in  effect  that  they  are  seldom  separated  in 
industrial  analyses  but  are  reported  together  as  sodium.  Carbonate 
and  bicarbonate,  representing  more  or  less  conv^itionaUy  different 
conditions  of  carbonate  in  equilibrium,  may  be  considered  together 
imder  the  common  term  of  carbonate  (COj),  to  which  bicarbonate  is 
translated  by  dividing  by  2.03.  These  groupings,  rendered  possible 
by  the  usud  mode  of  occurrence  of  these  substances  and  by  their 
effects,  greatly  simplify  classification  of  waters  that  have  been  assayed. 
Direct  estimates  are  made  of  carbonate,  sulphate,  and  chloride,  the 
three  principal  acid  radicles.  The  approximate  amount  of  the 
alkaline  earths,  calcium  and  magnesium,  can  be  computed  from  the 
total  hardness;  theoretically  the  total  amoimt  of  these  two  bases 
must  be  between  40  per  cent  and  24  per  cent  of  the  total  hardness 
expressed  as  CaCO,;  it  usually  lies  between  37  per  cent  and  30  per 
cent,  as  the  ratio  of  calcium  to  magnesium  ranges  from  7  to  1; 
therefore,  one-third  of  the  hardness  is  a  reasonable  estimate  of  the 
alkaline  earths  that  will  usually  be  in  error  less  than  10  per  cent. 
The  alkalies,  sodium  and  potassium,  can  be  computed  by  the  Stabler 
formula  already  noted  (p.  67).  These  estimates  and  computations 
of  the  amoimts  of  the  chief  acids  and  bases  can  then  be  used  in 
applying  the  following  classification: 

Classification  of  water  by  chemical  character, 

r^  ^  '       /^  w  f Carbonate  (CO.). 
Calcium  (Ca)\|o  •  ,    ,    ,ar\  \ 

The  designation  ''calcium''  indicates  that  calcium  and  magnesiiun 
predominate,  and  ''sodium"  that  sodium  and  potassium  predominate 
among  the  bases;  the  designation  "carbonate,"  "sulphate,"  or  "chlo- 
ride" shows  which  acid  radicle  predominates.  Combination  of  the 
two  terms  classifies  the  water  by  type,  and  tabulation  of  the  classifi- 
cation can  be  abbreviated  by  use  of  the  symbols.  The  appellation 
Na-COj,  for  example,  indicates  that  sodium  and  potassium  pre- 
dominate among  the  bases  and  that  carbonate  or  bicarbonate,  or 
both,  predominate  among  the  acids,  and  that  the  water  would  yield 
on  concentration  and  crystallization  more  sodium  carbonate  than 
any  other  salt,  though  this  classification  does  not  in  any  way  show 
the  amounts  of  the  salts  in  solution. 
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Hie  numerical  preponderance  of  certain  acid  and  basic  radicles 
ffltoblishes  the  nature  of  many  waters,  but  if  further  refinement  in 
dassification  is  desired  comparison  can  be  made  of  the  reacting  values 
of  the  radides,  which  are  the  fundamental  bases  of  the  effect  of  the 
radides.  These  values  can  be  computed  by  multiplying  the  amoimt 
of  each  constituent  by  its  valence  and  dividing  the  product  by  its 
molecular  weight.  The  factors  given  in  Table  13  can  be  used  for 
that  purpose.  The  factor  for  sodium  may  be  used  for  the  combined 
values  of  sodium  and  potassiimi.  Hie  reacting  value  of  calcium  and 
magnesimn  is  nearly  one-fiftieth  of  total  hardness  (H),  as  theoretic- 

H 

any  H  =  2.5  Ca  +  4.1  Mg,  whence  ^^  =  0.050  Ca-f  0.082  Mg. 

Table  13. — FadorBfor  compiUing  reacting  values. 


Basic  radicles. 


IH 


Factor. 


0.0409 
.0821 
.0434 
.0255 


Acid  radides. 


Carbonate  radide  (COi) .... 
Bicarbonate  radide  (HCOs) 

Sulphate  radide  (Sd) 

Nitrate  radide  (NOi) 

Chlorlne(Cl) 


Factor. 


0.0333 
.0164 
.0208 
.0161 
.0282 


TOTAL  S0UD8. 

Total  solids  can  be  computed  from  the  data  of  a  field  assay  in  sev- 
finl  ways,  one  of  which  is  to  calculate  the  probable  amoimt  of  saline 
rewdue  that  would  be  produced  by  the  acid  radicles  and  to  add 
thereto  an  arbitrary  amount  for  silica,  imdetermined  substances,  and 
volatile  matter.  As  potassium  has  thio  smallest  reacting  weight  of 
the  four  common  bases  the  assumptions  that  equal  amounts  of  sodium 
And  potassium  are  present  and  that  calcium  and  magnesium  are 
absent  constitute  an  extreme  condition  representing  a  maximum 
saline  residue;  similarly,  the  assumptions  that  equal  parts  of  calcium 
and  magnesium  are  present  and  that  the  alkalies  are  absent  consti- 
hite  the  condition  representing  a  minimum  saline  residue.  A  formula 
based  on  an  average  between  these  two  extremes  gives  an  estimate  of 
total  solids  (T.  S.)  within  15  per  cent  of  the  exact  value  for  most 
luttural  waters. 

T.  S.  =  SiO,  -h  1 .73  CO,  -f  0.86  IICO,  H- 1.48  SO^  -f  1 .62  CI. 

The  average  content  of  silica  (SiO,)  in  most  ground  waters  of  San 

Joaquin  Valley,  according  to  available  analyses,  is  about  30  parts  per 

million  in  waters  exceeding  400  parts  of  total  solids  and  50  parts  in 

oth^  waters.    The  estimate  of  solids  should  not  be  expressed  more 

98205'— W8P  3dS— 16 6 


Digitized  by  VjOOQIC 


82 


GEOUND  WATER  IN  SAN  JOAQUIN  VALLEY. 


closely  than  to  the  nearest  10  parts  or  with  more  than  two  significant 
figures,  and  it  may  be  translated  into  words  by  the  following  rating; 

Table  14. — Rating  of  waters  by  total  solids. 


Total  iollds  (parts  p«r 
million). 

Clanlflcation. 

More 
than— 

Not  mora 

than — 

150 
500 

2,000 

Low. 

High. 
Very  high. 

150 

500 

2,000 

PURIFICATION  OP  WATER. 

GENERAL  BEaXJUtEMENTS. 

Purification  of  water  is  removal  or  reduction  in  amoimt  of  the  sub- 
stances that  render  waters  in  their  raw  state  unsuitable  for  use.  It 
is  practiced  on  a  large  scale  with  one  or  more  of  three  objects  in  view: 
First,  to  render  the  supply  safe  and  imobjectionable  for  drinking; 
second,  to  reduce  the  amoimt  of  the  mineral  ingredients  injurious  to 
boilers;  third,  to  remove  substances  injurious  to  machinery  or  to 
industrial  products.  The  largest  purification  plants  in  this  country 
have  been  constructed  almost  solely  to  render  the  waters  potable; 
and  some  waters,  when  so  purified,  need  no  further  treatment  to 
make  them  suitable  for  steaming  and  for  general  industrial  use. 
But  many  other  waters  are  hard,  and  increased  appreciation  of  the 
value  of  good  water  has  resulted  in  demand  for  the  removal  of  the 
hardening  constituents  also. 

Only  a  few  settlements  in  San  Joaquin  Valley  have  surface  water 
supphes  for  domestic  use,  and  extensive  installation  of  filter  plants 
is  doubtfid.  But  if  mxmicipaUties  in  the  region  ever  adopt  river 
suppUes,  filtration  will  be  necessary  because  of  the  widespread  pollu- 
tion of  the  streams  by  drainage  from  irrigated  lands.  The  present 
general  use  of  boiler  compounds,  however,  even  on  the  east  side,  indi- 
cates the  advisability  of  water  softening.  Feed-water  purification 
plants  are  now  common  on  the  westr  side,  and  futiu^  development  of 
that  region  of  highly  mineralized  waters  will  be  accompanied  by 
increase  in  the  number  of  these  plants. 

Removal  of  bacteria,  especially  those  causing  disease,  and  removal 
of  turbidity,  odor,  taste,  and  iron  are  the  principal  requirements  ia 
purification  of  a  municipal  supply,  elimination  of  bacteria  and  sus- 
pended matter  being  the  most  important.  The  common  methods 
of  effecting  such  purification  are  slow  filtration  through  sand  and 
rapid  filtration  after  coagidation^  both  methods  usually  being  com- 
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bined  with  sedimentation.^  The  first  process  is  known  as  ''slow 
sand"  filtration  and  the  second  as  "mechanicar*  or  "rapid  sand" 
filtration.  The  efficiency  of  such  filters  is  measured  primarily  by 
the  ratio  between  the  number  of  bacteria  in  the  appUed  water  and 
the  number  in  the  effluent.  This  figure,  stated  in  percentage  of 
removal,  should  be  as  high  as  98,  and  it  often  reaches  99.8  per  cent 
luid^  normal  conditions  with  a  carefully  operated  filter  of  either 
kind. 

R^noTal  of  scale-forming  and  neutralization  of  corrosive  constitu- 
eats  are  the  chief  aims  in  preparing  water  for  steam  making.  For 
diis  two  general  methods  are  employed — cold  chemical  precipitation 
followed  by  sedimentation,  and  heating  with  or  without  chemicals, 
Qsoally  followed  by  rapid  filtration.  The  first  process  is  carried  on 
in  cold-water  softening  plants  and  the  second  in  feed-water  heaters. 

METHODS  OF  PX7BIFICATION. 

The  requirements  of  the  water  suppUes  for  industries  are  so  varied 
that  classification  of  purification  methods  is  difficult.  Water  prop- 
&Ay  prepared  for  domestic  and  boiler  use  is  suitable  for  most  industrial 
establishments,  and  it  is  more  economical  for  small  manufacturers 
in  large  cities  to  obtain  such  water  from  the  city  mains  than  to  main- 
tain private  supphes  and  purification  apparatus.  It  is  usually  cheaper, 
however,  for  large  factories  to  be  supphed  from  separate  sources,  not 
only  because  of  saving  in  actual  cost  of  water  but  abo  because  of  the 
opportunity  thus  afforded  of  procuring  water  specially  adapted  to 
the  needs  of  the  factory.  The  common  methods  of  industrial-water 
purification  are  those  already  mentioned,  or  combinations  of  them, 
modified  to  meet  particular  needs.  In  a  few  industrial  processes, 
notably  the  manufacture  of  ice  by  the  can  system,  water  practically 
free  from  all  dissolved  and  suspended  substances  is  necessary  and 
distilled  water  must  be  manufactured.  Recent  improvements  in 
multiple-effect  evaporators  have  greatly  reduced  the  cost  of  distilla- 
tion, so  that  it  is  now  economical  to  distill  for  industrial  and  domestic 
use  many  waters  heretofore  considered  too  highly  mineralized  to 
be  treatable.  Many  large  factories,  hotels,  and  even  municipaUties 
have  installed  multiple-effect  stills. 

Besides  the  four  common  systems  of  purification,  many  minor 
processes  are  used,  sometimes  alone,  but  more  frequently  as  adjuncts 
to  filters  or  softeners.  Surface  waters  are  screened  through  wooden 
or  iron  grids  or  through  revolving  wire  screens  to  remove  sticks  and 
leaves  before  other  treatment.  Coarse  suspended  matter  can  be  re- 
moved by  rapid  filtration  through  groimd  quartz  or  similar  material, 
in  units  of  convenient  size,  provided  with  arrangements  for  wash- 

^  For  description  of  filters  see  Johnson,  G.  A.,  The  purification  of  public  water  supplies:  U.  ^.  Geol. 
Survey  Wat«r-Supp!y  Paper  315, 1913. 
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ing  the  filtering  medium  similar  to  those  used  in  mechanical  filten. 
Very  turbid  river  waters  may  be  first  allowed  to  stand  in  large 
sedimentation  basins  in  order  to  reduce  the  cost  of  operating  the 
filters  by  preliminary  removal  of  a  large  part  of  the  suspended  solids. 
Supplies  undesirable  only  because  of  their  iron  content  are  aerated 
by  being  sprayed  into  tiie  air  or  by  being  allowed  to  trickle  over 
rocks  or  by  oUier  methods  that  cause  evi^ration  of  carbonic  add 
and  absorption  of  oxygen,  thus  precipitating  and  oxidizing  the  iron 
in  solution  so  that  it  can  readily  be  removed  by  rapid  filtration. 
Similar  aeration  is  employed  to  evaporate  and  oxidize  dissolved 
gases  that  cause  objectionable  tastes  and  odors. 

Disinfection  by  ozone,  copper  sulphate,  calcium  hypochlorite, 
and  many  other  substances  kills  organisms  that  may  cause  disease 
or  impart  bad  odors  and  tastes.  Purification  of  this  character  must 
be  done  with  substances  that  destroy  the  objectionable  organisms 
without  making  the  water  poisonous  to  animals.  Calcium  hypo- 
chlorite, sodium  hypochlorite,  and  chlorine  gas  are  used  to  disinfect 
drinking  water,  and  treatment  with  these  substances  is  now  widely 
practiced  either  as  an  adjimct  to  filtration  or  as  an  emergency  pre- 
caution where  otherwise  imtreated  suppUes  are  believed  to  be  con- 
taminated. Disinfection  by  this  method  is  not  a  substitute  for 
purification  by  filtration,  for  it  does  not  remove  suspended  matter 
nor  appreciable  amounts  of  color,  organic  matter,  swampy  tastes, 
or  odors,  and  it  does  not  soften  water.*  Natural  purification  of 
water  is  accomplished  largely  through  biologic  processes,*  in  which 
the  oi^anic  matter  is  oxidized  by  serving  as  food  for  bacteria  and 
objectionable  organisms  are  destroyed  by  the  production  of  con- 
ditions unfavorable  to  their  existence.  Action  of  this  kind  takes 
place  in  reservoirs  and  lakes,  and  it  is  also  relied  upon  in  many  proc- 
esses for  the  artificial  purification  of  sewage." 

SLOW  SAND  FILTBATION. 

Slow  sand  filtration  consists  in  causing  water  to  pass  downward 
through  a  layer  of  sand  of  such  thickness  and  fineness  that  the 
requisite  removal  of  suspended  substances  is  accomplished.  The 
slow  sand  filter  is  also  called  the  ''continuous"  and  the  "English" 
filter.  On  the  bottom  of  a  water-tight  basin,  commonly  constructed 
of  concrete,  perforated  tiles  or  pipes  laid  in  the  form  of  a  grid  are 
covered  with  a  foot  of  gravel  graded  in  size  from  25  to  3  millimeters 
in  diameter  from  bottom  to  top.  A  layer  of  fine  sand,  3  to  4  feet 
deep,  is  put  over  the  gravel,  which  serves  only  to  support  the  sand. 

»  Op.  cit.,  p.  71. 

*  Hasen,  AUod,  Clean  water  and  how  to  get  it,  p.  83,  New  York,  1907. 

>  Winslow,  C.-E.  A.,  and  Phelps,  E.  B.,  Investigations  on  the  purification  of  Bostcm  sewage,  with  a 
hbtory  of  the  sewage^lisposal  problem:  U.  S.  OeoL  Survey  Water-Supply  Paper  186, 1905. 
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When  wator  is  applied  on  the  surface,  it  passes  through  the  sand  and 
the  gravel  and  flows  away  through  the  underdrain.  The  suspended 
materials,  including  bacteria,  are  removed  by  the  sand,  Uie  action  of 
which  is  rendered  more  efficient  by  the  rapid  formation  of  a  mat  of 
findy  divided  sediment  on  its  surface.  When  this  film  has  become 
90  thick  that  filtration  is  unduly  retarded,  the  water  is  allowed  to 
subside  and  about  half  an  inch  of  sand  is  removed,  after  which  filtra- 
tion IS  resumed.  The  sand  thus  ti^en  off  is  washed  to  free  it  from 
tibe  coUected  impurities  and  is  replaced  on  the  beds  after  they  have 
been  reduced  about  a  foot  in  thickness  by  successive  scrapings.  As 
cleaning  necessitates  temporary  withdrawal  of  filters  from  service, 
they  are  divided  into  units  of  convenient  size,  usually  one-half  to 
1  acre  each,  so  that  the  operation  of  the  entire  system  may  not  be 
interrupted.  Most  modem  filters  are  roofed  and  sodded,  as  tins 
facilitates  cleaning  by  preventing  the  formation  of  ice,  permits  work 
on  tiie  filter  beds  in  all  kinds  of  weather,  inhibits  alg»  growths,  and 
prevents  agitation  of  the  water  by  wind  and  rain. 

The  foregoing  are  the  essential  features  of  a  slow  sand  filter, 
but  several  adjuncts  render  this  system  more  efficient.  A  clear- 
water  basin  for  the  filtered  supply,  covered  to  prevent  deterioration 
d  tiie  water,  is  provided  in  order  that  the  varying  rate  of  consump- 
tion may  not  unduly  affect  the  rate  of  filtration.  Clarification  of 
turbid  water  is  rendered  more  economical  by  allowing  it  to  stand  for 
one  to  three  days,  during  which  a  large  portion  of  the  suspended 
matter  is  deposited,  so  that  the  time  between  sand  scrapings  is 
lengthened.  In  some  plants  roughing  or  preliminary  filters  con- 
sisting of  beds  of  coarse  sand  or  fine  crushed  stone  are  provided, 
diroug^  whiich  the  water  flows  15  to  20  times  as  fast  as  through  the 
sand  filters,  a  very  large  proportion  of  the  suspended  matter  being 
thus  removed.  Objectionable  odors  and  tastes  may  be  obviated  by 
aeration  before  or  after  filtration.  Ealling  the  bacteria  before  filtra- 
tion by  use  of  chlorine  or  other  germicides  is  also  practiced. 

Sbw  sand  filtration  removes  practically  all  the  suspended  matter 
and  tfie  bacteria.  Color  is  only  slightly  reduced  and  hardness  is  not 
changed.  The  process  is  specially  adapted  to  waters  low  in  color 
and  suspended  matter  and  lightly  polluted.  Very  small  particles  of 
day  are  not  removed  by  these  filters  and  waters  carrying  such  par- 
tides  only  for  short  periods  may  be  benefited  by  the  occasional 
addition  of  a  coagulant  before  filtration.  It  can  readily  be  seen  that 
tiie  efficiency  of  this  kind  of  filter  depends  largely  on  the  character 
of  the  sand,  as  the  ability  to  prevent  the  passage  of  suspended  matter 
is  governed  by  the  size  of  the  spaces  between  the  sand  particles. 
The  rate  of  filtration  depends  on  the  average  size  of  the  sand  par- 
tides,  the  thickness  of  the  sand  bed,  the  head  of  water,  and  the 
turbidity.    Under  ordinary  conditions  of  operation  in  the  United 
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States  the  rate  of  slow  sand  filtration  of  water  previously  subjected 
to  sedimentation  is  2,000,000  to  4,000,000  gallons  per  acre  per  day. 

RAPID  SAND  FILTBATION. 

The  rapid  sand  filter  is  also  known  as  the  American  filter,  and 
until  recently  it  was  generally  styled  the  "mechanical"  filter,  because 
of  its  contrivances  for  washing  the  sand.  Its  distinctive  features  are 
its  use  of  a  coagulant  and  its  high  rate  of  filtration.  While  the  raw 
water  is  entering  the  sedimentation  basin,  which  is  smaller  than  that 
used  with  slow  sand  filters,  it  is  treated  with  a  definite  proportion  of 
some  coagulant,  which  forms  by  its  decomposition  a  gelatinous  pre- 
cipitate that  unites  and  incloses  the  suspended  material,  including 
the  bacteria,  and  absorbs  the  organic  coloring  matter.  This  com- 
bined action  destroys  color  and  makes  suspended  particles  larger  and 
therefore  more  readily  removable.  When  aluminum  sulphate,  the 
coagulant  most  commonly  used,  is  decomposed  aluminum  hydrate  is 
precipitated  and  the  sulphate  radicle  remains  in  solution,  replacing 
an  equivalent  amoimt  of  the  carbonate,  bicarbonate,  or  hydrate 
radicle.  One  part  per  million  of  ordinary  aluminum  sulphate  requires 
somewhat  more  than  0.6  part  of  alkalinity  expressed  as  CaCO,  to 
insure  complete  decomposition.^  The  natural  alkalinity  of  many 
waters  is  sufficient  to  effect  this  reaction.  If  the  alkalinity  is  not 
sufficient  part  of  the  aluminum  sulphate  remains  in  solution  and 
good  coagulation  does  not  take  place.  Therefore  lime  or  soda  ash  is 
added  if  the  alkalinity  is  too  low.  The  proper  amount  of  aluminum 
sulphate  to  be  used  is  determined  by  the  amounts  of  color,  organic 
matter,  and  suspended  matter,  and  by  the  fineness  of  the  suspended 
matter,  and  it  is  best  ascertained  by  direct  experimentation  with  the 
water  to  be  purified.  Much  of  the  troubte  in  operating  the  earlier 
types  of  rapid  filters  has  been  caused  by  failure  to  produce  a  good 
"floe"  or  precipitation  because  of  improper  ratios  of  coagulant  and 
alkalinity. 

Ferrous  sidphate  instead  of  aluminum  sulphate  is  used  as  a  coagu- 
lant in  some  filtration  plants.  With  this  substance  lime  must  be 
added  in  order  to  bring  about  propei^  coagulation. 

The  water,  after  having  been  mixed  with  the  coagulant,  is  allowed 
to  stand  three  or  four  hours  in  the  sedimentation  basin,  where  a  large 
proportion  of  the  suspended  particles  is  deposited.  It  is  then  passed 
rapidly  through  beds  of  sand  or  ground  stone  to  remove  the  rest  of 
the  suspended  matter.  Many  filters  now  in  use  are  built  in  cylin- 
drical form  10  to  20  feet  in  diameter,  and  some  are  so  designed  that 
filtration  can  be  hastened  by  pressure.  The  sand,  30  to  50  inches 
deep  and  coarser  than  that  used  in  slow  sand  filters,  rests  on  a  metallio 

1  Hascn,  AUeo,  Report  of  the  flltiatioii  oommfasian  of  the  city  of  Pittsburgh,  p.  67, 1899. 
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floor  containing  prorations  large  enough  to  allow  ready  issue  of  the 
water,  but  small  enough  to  prevent  passage  of  sand  grains.  When 
the  filter  has  become  clewed  the  flow  of  water  is  reversed,  filtered 
wato*  being  forced  upward  through  the  sand  to  wash  it  and  to  remove 
the  impurities,  which  pass  over  the  top  of  the  filter  with  the  wasted 
w%Ur,  A  revolving  rake  with  long  prongs  projecting  downward  into 
the  sand  mixes  it  during  washing  and  prevents  it  from  becoming 
graded  mto  spots  of  coarse  or  fine  particles.  In  recently  constructed 
works  rectangular  filters  300  to  1,300  square  feet  in  area  have  been 
boflt,  in  which  the  sand  is  agitated  during  washing  by  compressed 
air  fcm^ed  through  it  at  intervals  instead  of  by  a  revolving  rake. 
Largw  orifices  in  the  strainers  are  also  being  used,  the  passage  of  sand 
beii^  prevented  by  fine  gravel  over  the  strainer  pipes.  The  rate  of 
filtration  is  from  100,000,000  to  120,000,000  gallons  per  acre  per  day. 
The  time  between  washing  is  6  to  12  hours,  depending  principally  on 
the  turbidity  of  the  applied  water. 

Mechanical  filtration  removes  practically  all  suspended  matter, 
reduces  the  color  to  unobjectionable  proportions,  and  under  some 
conditions  removes  part  of  the  dissolved  iron.  The  permanent 
hardness  of  the  water  is  increased  in  proportion  to  the  amoimt  of 
sulphate  added  by  the  coagulant,  and  if  only  enough  lime  to  decom- 
pose the  coagulant  is  added,  the  total  hardness  is  slightly  increased. 
If  larger  amounts  of  lime  are  added,  however,  the  total  hardness 
is  reduced.  If  soda  ash  is  used  in  place  of  lime  the  foaming  con- 
stitofflits  are  slightly  increased.  The  chemicals  are  always  added 
in  sohition.  As  this  method  of  filtration  is  used  almost  entirely 
for  rwer  waters  with  fluctuating  contents  of  suspended  and  dissolved 
matter  proper  operation  requires  constant  and  intelligent  attention. 

COLD-WATBB  SOFTENINO. 

The  principal  objects  of  water  softening  are  to  remove  the  sub- 
stances that  cause  incrustations  in  boilers,  particularly  calcium  and 
magnesium,  and  to  neutralize  those  that  cause  corrosion.  Solutions 
of  chemicals  of  known  strength  are  added  to  the  raw  supply  in  such 
proportion  as  to  precipitate  all  the  dissolved  constituents  that  can 
be  economically  removed  by  such  treatment.  The  water  is  then 
allowed  to  stand  long  enough  to  permit  the  precipitate  to  settle, 
after  which  the  clear  effluent  is  drawn  off;  or  the  partly  clarified 
effluent  may  be  filtered  very  rapidly  through  thin  beds  of  coke, 
sponge,  excelsior,  bagging,  or  similar  material  in  order  to  remove 
particles  that  have  not  subsided  in  the  tanks.  The  water  softeners 
on  the  market  differ  from  one  another  chiefly  in  the  precipitant, 
in  the  filtering  medium  if  one  is  used,  and  in  the  mechanism  regu- 
latingthe  incorporation  of  the  chemicals  with  the  water.  Installa- 
tions may  be  of  any  size  to  suit  consumption,  and  the  process  can 
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CHBMICAIi  COMPOSITION   OP  THE   SURPACE  WATERS. 

BIVBBS. 

During  a  study  of  the  quality  of  the  surface  waters  of  California 
conducted  by  the  Geological  Survey  in  cooperation  with  the  Calif  omia 
Departm^it  of  EIngineering  in  1906-1908  samples  of  water  collected 
daily  for  a  period  of  one  year  at  selected  stations  on  several  rivers 
in  San  Joaquin  Valley  were  united  in  sets  of  7  or  10  consecutive 
samples  as  deemed  advisable,  and  analyses  were  then  made  of  the 
composites  thus  obtained.  As  the  complete  uialyses  have  already 
been  published  *  it  is  sufficient  here  to  quote  only  the  mean,  maxi- 
mum, and  minimum  conditions  of  chemical  composition  during  the 
progress  of  the  investigation.  The  analyses  prior  to  March,  1906, 
were  made  by  F.  M.  Eaton;  for  the  remainder  of  that  year  they  were 
made  by  P.  L.  McCreary;  and  during  1908  by  Walton  Van  Winkle, 
who  was  assisted  by  W  J  McGee,  William  Reinhart,  and  W.  C. 
Packard. 

1  Van  Winkle,  Walton,  and  Eaton.  F.  M.,  The  qoaUty  oT  the  surface  waters  of  California:  U.  S.  OeoL 
atiryey  Water-Supply  Paper  237, 1010. 
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Hie  extremes  of  suspended  and  dissolved  solids  that  are  indicated 
in  Table  15  did  not  neoeesarily  occur  at  the  same  time,  but  the 
amounts  of  the  various  disserved  consUtufflitd  correspond  to  the 
reported  dissolved  solids.  The  waters  of  Mokelumne,  Stanislaus, 
Tuolumne,  and  Merced  rivers,  which  were  sampled  at  or  near  the 
entrance  of  the  streams  into  the  valley  and  before  they  have  been 
used  for  irrigation,  are  low  in  all  constituents,  and  they  compare 
favorably  with  the  waters  of  rivers  along  the  Atlantic  Coast,  which 
are  considered  entirdy  acceptable  in  respect  to  their  mineral  con- 
stituents. Tlie  water  of  Hudson  River  at  Hudson,  N.  Y.,  though 
less  changeable  in  quality,  is  distinctly  high^  than  any  of  these  in 
dissolved  matter,  and  the  water  of  Lake  Superior,  carrying  60  parts 
per  million  of  dissolved  matter,  is  only  slightly  Iowot  in  mineral  con- 
tent. Hiough  the  California  stream  waters  fluctuate  considerably 
in  their  load  of  mineral  matter,  they  are  no  more  highly  mineralized 
at  their  worst  than  the  best  of  the  ground  waters.  They  would  be 
classed  as  moderately  soft  by  the  most  critical  standards;  they  are 
low  in  dissolved  scaling  and  foaming  constituents,  and  therefore 
sedimentation  to  remove  the  varying  amounts  of  suspended  matter  b 
all  that  is  required  to  make  them  good  boiler  waters.  The  com- 
puted alkali  coeflBcients  indicate  that  the  waters  even  at  the  lowest 
stages  are  excellent  for  use  in  irrigation,  and  this  classification  is 
amply  corroborated  by  experience.  Kern  River,  sampled  at  the 
mouth  of  the  canyon  5  miles  northeast  of  Bakersfield,  is  somewhat 
higher  in  mineral  content  than  the  other  streams,  but  still  it  is 
moderate.  Such  increase  in  the  southern  end  of  the  valley  is  natural 
in  view  of  the  low  rainfall,  which  has  been  insufficient  to  remove 
from  the  ground  the  accumulation  of  soluble  salts. 

The  analyses  of  water  from  San  Joaquin  River  at  the  Southern 
Pacific  Co.'s  bridge  near  Lathrop,  a  few  miles  above  Stockton  (San 
Joaquin  Bridge),  ^how  how  evaporation,  seepage  from  irrigated 
tracts,  and  surface  and  subsurface  drainage  from  the  entire  valley 
increase  the  mineral  content  of  the  outflowing  water  and  tend  to 
differentiate  it  from  the  mountain  tributaries.  Yet,  even  though  the 
river  water  is  subject  to  these  adverse  influences,  it  is  acceptable  for 
irrigation  and  for  boiler  use.  It  varies  greatly  in  quality  from  season 
to  season,  being  lowest  in  dissolved  matter  during  the  spring  freshets 
and  highest  during  the  fall  when  the  river  is  at  its  lowest  stages. 

Table  16.— Mean  discharge  of  certain  tributaries  of  San  Joaquin  River  compared  with 
the  mean  mineral  contrrU  of  that  stream  during  1906  and  1908, 


1006       U06 


Mean  suspended  matter  in  the  water  of  San  Joaquin  River  near  Lathrop  (parts  per 

million) 

Mean  dissolved  matter  in  the  water  of  San  Joaqoin  River  near  Lathrop  (parts  per  nUUiai). 
Mean  disdiarge  in  second>feet  per  square  mUe: « 

Stanislaus  River  at  KnJ^ls  Ferry 

Tuolumne  River  at  Lagrange 

Meroed  River  at  Merced  Falls 


«0 
161 

3.63 
3.33 
2.63 


53 

ao6 


.960 
.031 


a  U.  8.  OeoL  Survey  Water-Supply  Papers  213  and  251. 
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Hie  difference  between  the  average  quality  of  the  water  of  San 
Joaquin  River  during  different  years  is  not  very  great,  as  the  data 
in  Table  16  indicate.  The  mean  discharge  of  the  three  principal 
tribataries  was  approximately  four  times  as  great  in  1906  as  in  1908, 
bat  the  amount  of  dissolved  matter  at  San  Joaquin  Bridge  was  less 
than  30  i>er  cent  greater  during  the  dry  year,  and  the  decrease  of 
suspended  matter  corresponding  to  the  decrease  in  dischaj^e  is  only 
13  p^  cent.  In  general  suspended  matter  varies  directly  and  dis- 
sdved  matter  inversely  with  the  discharge  of  streams,  but  these 
relations  are  neither  absolute  nor  invariable,  and  study  of  analyses  of 
several  other  river  waters  has  demonstrated  that  the  fluctuation  of 
the  average  content  of  mineral  matter  is  not  so  great  from  year  to 
Tear  as  the  fluctuation  in  discharge. 

Table  17. — Companion  of  the  average  condition  of  the  water  of  San  Joaquin  River  with 
the  average  condition  of  three  tribtUaries  in  2906. 


CopBtltueuts. 


DiHlvMl  solids 

TotdtetliMB* 

saieMSiOs) 

lron(te) 

CilciBm(C») 

SeBriamfllg) 

Souiin  and  pota»- 

C«tnotto  radio I'e 

^(CO,) 

BiarbQDato   ndide 


Parts  per  mmion. 


Stanis- 

laos 
River  at 
Knights 

Ferry. 


140 
83 
48 
14 

.20 
11 
&0 

11 


40 
11 
6.0 


Taolum- 

ne  River 

at  La- 


08 
74 
43 
11 

.19 
10 
4.3 

12 


41 

12 
0.0 


Meroed 

Oliver  at 

Heroed 

Falls. 


53 

05 

39 

14 
.10 
9.1 
3.8 

ft3 

.0 

85 
11 
5.0 


San 

Joaquin 

River 

near 

Lathrop. 


60 
161 
78 
10 

.33 
18 
8.0 

37 

.0 

00 
36 
30 


Percentage  of  anhydrous  residue. 


Stanis- 
laus 
River  at 
Knights 

Ferry. 


17.3 

.3 

13.0 

0.3 

13.0 

38.5 


13.0 
0.9 


Tuolum- 
ne River 
at  La- 
grange. 


14.4 

.3 

13.1 

5.0 

15.8 

36.3 


15.8 
8.8 


Meroed 

River  at 

Meroed 

Falls. 


sac 

.3 
13.0 
5.4 

13.3 

34.8 


15.8 
8.0 


San 

Joaquin 

River 

near 

Lathrop. 


lai 

.1 

1L4 

5.1 

17.1 

3a9 


10.4 
18.9 


o  Computed. 

Comparison  of  the  average  condition  of  the  San  Joaquin  for  1906 
with  tlie  average  condition  of  Stanislaus,  Tuolumne,  and  Merced 
rivQPs,  the  three  tributaries  entering  above  San  Joaquin  Bridge, 
brings  out  the  essential  differences  in  the  waters  (Table  17).  Though 
nearly  all  constituents  are  greater  in  quantity  in  the  San  Joaquin  the 
principal  change  in  chemical  composition  is  increase  of  the  percentages 
of  sodium,  potassium,  and  chlorine  at  the  expense  of  carbonate;  in 
other  words,  chlorides  of  the  alkalies  are  added  to  the  solution.  The 
moderate  increase  in  mineral  constituents  is  less  than  what  might  be 
expected  in  view  of  the  high  mineral  content  of  the  west-side  ground 
waters  and  the  semiarid  condition  of  the  valley. 
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TUUIBB  LAKE. 

The  usually  high  mineral  content  of  the  water  as  well  as  the  inter- 
mittent nature  of  Tulare  Lake  prevents  its  use  for  irrigation.  As 
the  landlocked  basin  forms  an  immense  evaporating  pan  in  a  semiarid 
region  the  dissolved  salts  that  are  brought  in  by  tributary  streams 
have  been  deposited  in  the  lake  bed  after  the  water  has  evaporated, 
the  salts  being  partly  redissolved  later  or  left  under  or  mixed  with 
protective  layers  of  silt.  That  such  successive  concentrations,  dilu- 
tions, and  depositions  have  taken  place  for  many  centiu^es  is  shown 
by  the  known  history  of  the  lake  and  by  the  highly  mineralized  con- 
dition of  the  first  few  hundred  feet  of  silt  imderlying  its  bed. 

When  the  area  of  the  lake  has  been  greatest  the  proportion  of  sub- 
stances in  solution  has  been  low  enough  to  permit  use  of  the  water 
for  irrigation,  but  its  usual  unfitness  is  established  by  analyses  made 
by  chemists  at  the  agricultural  experiment  station  of  the  Univer- 
sity of  Califomia  under  the  direction  of  E.  W.  Hilgard.  The  results 
of  their  tests,  given  in  Table  18,  can  not  be  reduced  to  ionic  form 
because  of  the  methods  of  analysis  and  they  are  therefore  given  in 
the  original  hypothetical  combinations,  the  only  change  being  that 
the  amounts  have  been  converted  from  grains  per  gallon  to  parts  per 
million. 

Table  18. — Partial  analyses  of  water  from  Tulare  LaieA 

[Parts  per  mOUon.] 


Total 
residue. 

Residue 
insoluble 
in  water. 

Organic 
andvola- 
tile  matter. 

Sodium 
carbonate. 

Sodium 
chloride, 

sodium 

sulphate, 

etc. 

A 

1,445 
1  403 
1,401 
1399 
1,400 
3;  504 
6,188 
660 
1,301 

230 
92 
128 

38 
91 
76 

478 
604 
521 

648 
616 
676 

B 

c 

D 

E 

143 

63 
119 

88 
113 

39 
241 
276 
85 
77 

478 

1,272 

1,622 

230 

530 

740 

F 

G 

3,170 
873 
581 

H 

I 

A.  Near  southeast  comer  of  the  lake  Inside  of  Root  Island,  300  yards  from  shore. 

B.  Near  middle  of  lake  at  surface. 

C.  Near  middle  of  lake  at  depth  of  10  feet. 

D.  Near  mkidle  of  lake  at  depth  of  20  feet.    (The  first  four  samples  apparently  were  collected  in  tM 
spring  of  1880.) 

E.  Sample  collected  in  January,  1880. 

F.  Sample  collected  in  June,  1888. 

0.  Sample  collected  in  February,  1889. 

H.  Near  mouth  of  Kings  River,  March  28, 1880.    Taken  at  surface  when  a  strong  wind  brought  in  ma* 
river  water  than  usual. 

1.  Near  outlet  of  West  Side  Canal  at  depth  of  10  feet    (Probably  taken  at  same  time  as  sample  H.) 

Samples  A  to  E  inclusive  were  collected  in  1880  while  the  lake  was 
decreasing  in  size  and  its  dissolved  salts  were  being  concentrated. 
The  samples  collected  at  reasonable  distance  from  the  shore  indicate 
that  the  lake  throughout  carried  practically  the  same  amoimts*  of 

a  Compiled  from  Calfomia  Univ.  Apr.  Exper.  8ta.,  Rept.  for  1890,  appendix. 
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matter.  The  water  at  that  time  was  too  high  in  mineral 
content  to  be  soitable  for  use.  Samples  F  and  G,  taken  in  1888  and 
1889  while  the  lake  was  low,  show  much  greater  conoentration  of  the 
stable  substances,  the  total  residue  having  become  more  than  tripled 
in  1889.  Hie  results  of  these  tests  prove  the  futility  of  any  project 
inyolying  use  of  the  lake  waters  for  irrigation.  If  the  supply  were 
suitable  during  uncertain  p^ods  when  the  lake  is  large  the  inevi- 
table concentration  accompanying  evaporation  would  make  the  water 
dangerous  during  low  stages.  Dilution  of  such  strong  water  by  mix- 
ing it  with  a  supply  from  Kings  River  would  result  in  reducing  one 
excellent  water  to  poor  condition. 

Tabls  19. — Chemieal  componHon  of  the  water  of  TSdare  Lake  A 


ConstttiMnts. 


Parts  per  mfllian. 


Porontage  oC  anhydrous 
r«8idue. 


Total  solids 

Lie  and  volatile  matter. 
(SiOi) 

■  '(i^?::;::::::::: 

Ciig) 


1,400 

S9 

8 


^(Na). 

PotaMtoni(K) 

Gvbonate  radicle  (C^ 

Biearbooate  radkie  (HCOa). . 
~  '  -     jradldeOOO 

Ses]e4Qrmiiig  fnaediflnts  (s)  - 

Faaminc  ineredunts  (0 

ProbabffitToroorro8kMi(c)*.. 
Alkali  ooefficieDt  (inchfls) . . . . 


ao 

34 

458 
25 


1,401 
76 
12 
5 
17 
21 

400 


5,188 
270 
82 


0.50 


735 
230 
236 
107 
1,300 
N.C. 
Z2 


14 

13 

1,760 

120 


755 
203 
210 
102 
1,210 
N.C 
Z2 


1,945 

1,020 

004 

05 

5,100 

N.C. 

.6 


L47 
1.76 

88.60 
1.83 

26w56 


0.02 

.38 

L31 

1.62 

85.38 

2&62 


0.65 


.28 
.26 

3&83 
Z44 

10.52 


16.87 
17.32 


15.61 
16.16 


20.76 
20.26 


100.00 


100.00 


100.00 


•  Analyses  made  in  the  chemical  labocatory  of  the  Agricultund  Experimeot  Station,  University  of 
(^lifoniia. 

*  N.  C— noncorrosive. 

Table  19,  giving  the  chemical  composition  of  the  lake  water  in 
parts  per  million  and  in  percentage  of  the  anhydrous  residue,  shows 
in  more  detail  the  nature  and  amounts  of  the  dissolved  substances. 
Analysis  No.  1,  corresponding  to  E  in  Table  18,  gives  the  composition 
in  January,  1880;  No.  2  is  apparently  the  same  as  C  (Table  18), 
collected  in  the  spring  of  1880;  and  No.  3  shows  the  composition  in 
February,  1889.  The  analyses,  stated  by  Hilgard  in  hypothetical 
combinations,  have  been  computed  to  ionic  form  and  to  parts  per 
million  by  the  writer.  The  water  belongs  to  the  sodium  carbonate 
type,  the  proportion  of  alkaline  earths  being  low.  The  percentage 
of  calcium  and  magnesium  decreased  greatly  between  1880  and  1889, 
a  change  compensated  by  a  proportionate  increase  in  alkalies.  The 
relative  amount  of  carbonate  decreased  appreciably,  while  sulphate 
and  chloride  correspondingly  increased.  This  indicates  the  deposi- 
tion of  alkaline-earth  carbonates.    The  alkali  coefficients  are  so  low 
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that  the  water  could  not  be  considered  suitable  for  irrigation.  Though 
the  amounts  of  scale-forming  ingredients  are  low,  and  such  waters 
would  probably  not  corrode  boilers,  the  contents  of  foaming  constit- 
uents would  render  such  supplies  unfit  for  boiler  service.  Tulare 
Lake  may  be  r^arded  as  a  catch  basin  whose  water  is  valueless. 

BX7ENA  VISTA  BESBBVOIB. 

Eem  River  has  several  delta  channels  spread  fanlike  in  the  valley 
west  of  Bakersfield;  and  some  of  these  channels  formerly  conveyed 
the  water  of  the  river  to  a  shallow  depression  comprising  the  basins 
of  Eem  and  Buena  Vista  lakes  and  Buena  Vista  Swamp.  In  recent 
years,  however,  the  original  courses  have  been  modified  by  levees 
and  diversion  canals  until  at  present  none  of  the  flow  reaches  Eem 
Lake  basin  except  intermittently  through  an  irrigating  ditch,  and 
only  the  flow  at  high  stages  is  directed  toward  Buena  Vista  reservoir. 
This  body  of  water,  occupying  the  former  basin  of  Buena  Vista  Lake, 
in  T.  31  S.,  R.  25  E.,  and  T.  32  S.,  R.  25  E.,  is  a  storage  reservoir  for 
irrigation  canals  to  the  northwest.  It  is  separated  by  a  levee  from 
the  basin  of  Eem  Lake,  whose  bed  is  now  dry  and  under  cultivation. 
The  analysis  of  a  sample  from  the  east  end  of  Buena  Vista  reservoir 
in  the  spring  of  1896  is  reported  in  Table  20. 

Table  20. — Partial  analysis  of  water  from  Buena  Vista  reservoir.^ 

[Parts  per  million.] 

Totel  reeid  ue 603 

Organic  and  volatile  matter 100 

Residue  insoluble  in  water Ill 

Residue  soluble  in  water 292 

Soluble  residue: 

Sodium  sulphate - 269 

Sodium  chloride 23 

Sodium  carbonate 0 

Insoluble  residue: 

Silica 53 

Carbonates  of  calcium  and  magnesium  and  calcium  sulphate. .    58 

When  the  water  is  in  the  condition  shown  by  these  tests,  or  is  more 
dilute,  it  is  suitable  for  irrigation  and  for  use  in  boilers.  The  water 
may  be  prevented  from  becoming  too  strong  by  continual  replenish- 
ment from  Kern  River.  Water  from  Kern  Lake  on  March  24,  1880, 
before  it  dried  up,  contained  more  than  3,600  parts  per  million  *  of 
mineral  matter  and  was  bad  for  irrigation. 

1  Analysis  performed  in  the  laboratory  of  the  California  Agricultural  Experimeot  Staticm  under  direc- 
tion  of  E.  H.  Loughridge.  CaUfornia  Univ.  Agr.  Exper.  Sta.  Kept,  for  1805-1897,  p.  77.  Converted  into 
parts  per  million  by  the  writer. 

>Cali<oniia  Univ.  Agr.  Exper.  Sta.  Kept,  for  1890,  appendix,  p.  48. 
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DENX7DATION  AND  DEPOSITION. 
RATE   OF  DENUDATION  IN  THE   SIEBBA. 

San  Joaquin  Valley  has  been  filled  by  alluv ium  deposited  by  entering 
8trean»,  but  how  much  of  the  deposition  took  place  in  an  arm  of  the 
o<»aii,  how  much  in  a  fresh-water  lake,  and  how  much  above  water, 
and  many  other  circumstances  of  the  fluvial  upbuilding  are  more  or 
less  conjectural.  The  rate  at  which  material  in  the  active  basin  of 
Stn  Joaquin  River — the  portion  east  of  the  present  river  bed  and 
Dorth  of  Kings  River — ^is  now  being  moved  has  been  calculated  from 
the  analyses  quoted  in  Table  15  and  gagings  of  the  tributaries,  and 
the  results  of  these  calculations  are  summarized  in  Table  21.  During 
1906  approximately  225  tons  per  square  mile  in  the  form  of  dissolved 
matter  and  265  tons  per  square  mile  in  the  form  of  suspended  matter 
were  transported  from  the  slopes  of  the  Sierra  Nevada  into  the  valley. 

Table  21. — Rate  of  denudation  on  part  of  the  western  slope  of  the  Sierra  Nevada  in  1906. 


Area.a 

Mean  run- 
off.* 

Mineral  content  of 
water. 

Denadatkm. 

Averace 

sospended 

matter.^ 

Average 
dissolved 
matter.^ 

Suspended 
matter. 

Dissolved 
matter. 

Vokelomne  Rtver  above  Cleoi- 
COtL 

8q.mi. 

642 

935 

1,500 

1,090^ 

Sec-fi. 
perst.nU. 

3.04 

3.63 

3.33 

2.63 

Pvrtaper 
mmon. 

84 

140 

68 

52 

Parts  per 
mOUtm. 

75 

83 

74 

65 

Tonsper 

sq.mi.per 

fear. 

232 

472 

188 
197 

Tonsper 

sq.mLper 

fear. 

224 

StuUuis    RiTer    a  b  o  y  e 

296 

Toohmme  RiTer  above  La- 

ifi^Rhw  abovV  Merced' 
Taih  .  , 

243 
168 

We^htedmean 

265 

226 

a  U.  8.  Geol.  Survey  Water-Supply  Paper  213, 1907. 
»  U.  8.  Geol.  Survey  Water-Supply  Paper  237, 1910. 

The  figures  of  denudation  in  tons  of  dissolved  matter  per  square 
mile  per  year  in  Table  21  have  been  computed  by  multiplying  together 
the  mean  run-oflf,  the  average  dissolved  matter,  and  the  factor  0.985. 
Denudation  as  suspended  matter  can  not  be  so  well  approximated  by 
similw  computation  with  averages  because  the  amoimt  of  suspended 
matter  carried  during  a  heavy  flood  may  be  greater  than  that  during 
all  the  rest  of  the  year.  Therefore,  denudation  as  suspended  matter 
has  been  computed  for  each  10-day  period  represented  by  the  samples, 
and  the  sum  of  these  estimates  has  been  divided  by  the  area  of  the 
basin  to  obtain  the  denudation  in  tons  per  square  mile  per  year  in 
the  form  of  suspended  matter.  Thus  the  removal  of  material  from 
4,167  square  miles  of  the  Sierra  has  been  estimated.  If  it  is  assumed 
that  the  denudation  on  the  first  three  basins  is  typical  of  the  north- 
98205*— W8P  388—16 7 


Digitized  by  VjOOQIC 


98  GROUND  WATEB  IN  SAN  JOAQUIN  VALLEY. 

ern  two-thirds  of  the  mountain  slope  and  that  that  on  Merced  River 
basin  is  typical  of  the  southern  third,  the  weighted  means  for  the  7,500 
square  miles  of  the  Sierra  tributary  to  San  Joaquin  Valley  north  of 
Kings  River  may  be  obtained.  These  two  figures  represent  an 
annual  movement  of  1,700,000  tons  of  dissolved  matter  and  2,000,000 
tons  of  suspended  matter  into  the  valley.  This  is  equivalent  to  a 
denudation  of  26  ten-thousandths  of  an  inch  annually,  or  1  inch 
in  385  years,  a  high  rate  of  denudation. 

These  estimates  do  not  take  into  account  the  dissolved  matter  that 
is  carried  into  the  valley  by  the  groimd  waters,  but  as  the  present 
problem  is  essentially  one  of  silt  movement  this  chemically  dis- 
solved matter  can  be  neglected.  No  allowance  has  been  made  for 
the  ''bottom  load,"  or  material  rolled  along  the  beds  of  the  streams, 
because  the  meager  information  in  reference  to  this  manner  of  trans- 
portation tends  to  show  that  the  bottom  load  moved  past  a  giren 
point  in  a  river  that  is  not  overloaded  is  a  very  small  percentage  of 
the  total  load.  The  sectional  area  of  the  heavy  load  near  the  bottom 
is  only  a  small  part  of  the  total  cross  section  through  which  sus- 
pended matter  is  transported,  and  the  bottom  load  necessarily  moves 
more  slowly  than  the  lower  filaments  of  water,  which  in  turn  move 
more  slowly  than  any  other  waters  in  the  cross  section.  Therefore, 
though  bottom  material  may  be  obvious  because  of  the  size  of  its 
particles,  it  probably  constitutes  only  a  small  fraction  by  weight  of 
the  total  material  that  is  moved. 

How  long  a  period  may  be  represented  by  estimates  based  on  one 
year's  studies  is  imcertain.  According  to  the  figures  representing 
the  mean  discharge  of  several  streams  in  the  valley,'  the  run-oflF  during 
1906  was  considerably  higher  than  normal,  and  the  estimates  of  trans- 
ported silt  may,  therefore,  be  considered  greater  than  the  normal  for 
the  present  century. 

RATE  OF  DEPOSITION  IN  THE  VALLEY. 

As  no  measurements  of  the  discharge  of  San  Joaquin  River  near 
Lathrop  were  made  during  the  period  in  which  samples  were  col- 
lected, 1.00  second-foot  per  square  mile  has  been  taken  as  a  reasonable 
estimate  of  the  average  nm-oflF  throughout  the  16,500  square  miles 
of  the  basin  north  of  Tulare  Lake.  This  figiu'e  and  the  averages  of 
analyses  at  Lathrop  for  1906  (Table  17)  give  the  annual  removal  of 
material  by  San  Joaquin  River  as  2,600,000  tons  of  dissolved  and 
1,000,000  tons  of  suspended  matter.  That  is,  about  1,000,000  tons 
more  of  suspended  matter  and  900,000  tons  less  of  dissolved  matter 
are  brought  into  the  valley  annually  by  the  active  east-side  tribu- 
taries of  the  San  Joaquin  than  are  carried  to  the  bay.    The  excess 

1  CUpp,  W .  B.,  The  surlMQ  wtttor  fttpply  o(  CftUtomU:  U,  8,  Q«oL  8t]rY«7  W«t«^^ 
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of  dissolved  matter  xindoubtedly  is  contributed  by  underflow, 
llioagh  no  perennial  streams  enter  San  Joaquin  River  from  the  west 
side  above  the  sampling  station  at  San  Joaquin  Bridge,  some  sus- 
pended and  dissolved  matter  imdoubtedly  reaches  the  main  stream 
over  the  surface  during  the  rainy  season.  On  the  other  hand,  some 
of  the  suspended  material  brought  into  the  valley  by  mountain 
streams  is  later  disint^rated  and  dissolved  and  passes  out  in  solution. 
These  features  slightly  modify  the  estimates,  some  increasing  and 
others  decreasing  the  computed  differences  between  outgoing  and 
incoming  material;  due  allowance  for  their  influence,  however,  seems 
to  be  made  by  assuming  that  the  difference  between  the  amounts  of 
outgoing  and  incoming  silt  represents  the  present  annual  accretion. 
This  quantity,  1,000,000  tons,  distributed  evenly  over  the  3,500 
square  miles  of  plains  region  between  San  Joaquin  River  and  the 
Siwra  would  represent  an  annual  deposition  of  285  tons  per  square 
mile.  If  this  material,  thoroughly  dried  and  compacted  by  pressure, 
is  assumed  to  weigh  100  poimds  per  cubic  foot,*  it  would  represent 
an  annual  upbuilding  of  24  ten-thousandths  of  an  inch,  or  1  inch  in 
about  420  years. 

As  wells  in  the  valley  have  penetrated  2,000  to  2,500  feet  of  sedi- 
ment, this  annual  accretion  would  indicate  a  period  of  not  less  than 
6,000,000  years  for  the  fluvial  filling.  It  is,  of  comrse,  absolutely  a 
matter  of  speculation  whether  the  present  rate  of  deposition  repre- 
sents the  average  rate  during  the  entire  period  in  which  the  vaJley 
has  been  filled.  Mr.  Mendenhall  states  (p.  28)  that  ''the  welk 
drilled  throughout  the  valley  prove  that  the  sediments  underlying  it 
are  all  fine,"  and  this  indicates  that  past  rates  of  deposition  could 
not  have  been  much  greater  than  the  present  rate,  for  if  they  had 
been  the  transported  material  would  have  been  coarser  and  the  parti- 
cles of  deeper  sediments  in  the  valley  would  now  be  larger  than  those  of 
the  upper  sediments*  But  even  under  the  extreme  assumption  that 
4,000,000  tons,  or  twice  the  present  amount,  of  silt  had  been  brought 
annually  into  the  valley  and  that  none  of  it  had  been  transported  to 
tie  ocean,  the  time  of  filling  would  not  be  less  than  1,500,000  years. 
This  calculation,  approximate  and  based  on  hypotheses  though  it 
may  be,  indicates  that  the  time  occupied  by  the  valley  filling  in- 
volves geologic  periods  and  not  a  few  thousand  years. 

CHEMICAL.    COMPOSITION    OF   THE    GROUND    WATERS. 
TYPES  OF  GBOUND  WATBB. 

The  wells  in  San  Joaquin  Valley  north  of  Tidare  Coimty  yield  three 
general  types  of  water  in  relation  to  geographic  position.  The  east- 
side  and  west-side   types,  named,  as  may  be  inferred,  from  their 

^  Dole,  R.  B.,  and  Stebtar,  Hvman,  Dcoudation:  In  U.  S.  QeoL  Surrey  Water-Supply  Paper  2M,  p. 
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position  in  the  yalley,  are  distinguishable  from  each  other  par- 
ticularly by  |lieir  difference  in  content  of  sulphate  (SO4),  and  the 
intermediate  or  axial  type,  occurring  along  the  strip  between  the 
areas  of  typical  east-side  and  west-side  waters  and  blending  into 
them,  is  distinguishable  chiefly  by  its  relatively  high  content  of 
alkalies.  As  this  geographic  grouping  greatly  facilitates  under- 
standing of  the  general  characteristics  of  the  ground  supplies  and 
their  usefulness  discussion  of  it  has  been  taken  up  in  as  much  detail 
as  the  assays  warrant.  When  the  determinations  of  sulphate  are 
plotted  on  a  map,  as  in  Plate  II  (in  pocket),  it  is  seen  that  nearly  all 
the  waters  high  in  sulphate  and  no  waters  low  in  sulphate  were 
found  on  the  west  side;  and  that  very  few  waters  on  the  east  side 
north  of  Kern  County  contain  more  than  10  parts  per  million  of 
sulphate.  Waters  high  in  sulphate  are  scattered  over  the  east  side 
of  Kern  Coimty,  but  not  enough  tests  were  made  to  warrant  definite 
conduaions  regarding  their  distribution,  and  the  foDowing  statements 
therefore  relate  particularly  to  conditions  in  the  area  north  of  that 
county. 

CONDITIONS  NOBTH  OF  KCNGS  BIVEB. 

OCCURRENCE   OF  SULPHATE   AND   NONSUI.PHATE   WATERS. 

Water  from  wells  less  than  1,200  feet  deep  contains  80  to  2,000 
parts  per  milUon  of  sulphate  in  the  area  west  of  the  limit  indicated 
by  A' A'  in  Plate  II  (in  pocket).  The  quantity  of  the  radicle  is 
usually  less  in  the  northern  part  than  in  the  broad  plains  south  of 
Newman,  where  arid  conditions  of  water  supply  are  more  nearly 
approached.  A  decrease  from  west  to  east  in  the  quantity  of  sulphate 
is  noticeable  in  most  of  the  western  area,  but  there  are  many  excep- 
tions to  this  relation,  and  it  is  not  nearly  so  striking  as  the  abrupt 
change  that  occurs  between  the  limits  indicated  by  lines  A'A'  and 
C'C  (PL  II).  Wells  more  than  200  feet  deep  eafet  of  the  lunit 
indicated  by  C'C  yield  water  containing  not  more  than  10  to  20 
parts  per  milUon  of  sulphate  and  usually  not  more  than  5  parts. 
Wells  200  to  1,000  feet  deep  were  tested  all  over  the  eastern  part  of 
the  valley;  a  well  2,600  feet  deep  at  Stockton,  one  1,800  feet  deep 
at  Corcoran,  one  1,400  feet  deep  near  Pixley,  and  a  1,300-foot  wcJl 
near  Madera  also  were  tested  and  none  yields  water  carrying  more 
than  10  parts  of  sulphate.  It  may  be  concluded,  therefore,  that  this 
Is  a  general  condition  applying  to  the  entire  eastern  area  north  of 
Kern  County.  The  water  of  weUs  less  than  200  feet  deep  in  the  same 
territory  north  of  Kings  River  contains  practically  no  sulphate,  but 
south  of  that  river  in  Kings  and  Tulare  coimties  high  sulphate  occurs 
in  the  water  of  shallow  wells  for  a  few  miles  east  of  the  axis,  and  then 
abruptly  disappear  to  recur  in  the  water  of  only  a  few  scattered  wells 
between  there  and  the  foothills  of  the  Sierra.     The  four  waters  that 
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were  found  to  contain  much  sulphate  far  east  of  the  axis  in  Tulare 
County  are  from  wells  in  areas  that  have  not  been  irrigated,  and  the 
ground  around  them  shows  accumulations  of  white  alkali.  The 
wells  probably  penetrate  interdelta  areas  where  alkali  salts  have  been 
deposited  by  evaporation,  and  their  waters  might  be  improved  by 
the  leaching  effect  of  irrigation  accompanied  by  drainage.  East  of 
the  boundary  indicated  by  line  B'B'  (PL  II)  sulphate  does  not  occur 
in  appreciable  amoimt  in  the  water  of  wells  less  than  200  feet  deep 
except  in  the  few  scattered  areas  of  Tulare  Coimty. 

The  boundary  indicated  by  A' A'  parallels  San  Joaquin  River  and 
Kings  River  Slough,  lying  one-half  to  6  miles  west  of  them  from  San 
Joaquin  Bridge  to  Tulare  Lake.  The  boundary  indicated  by  C'C 
runs  in  the  same  general  direction,  passing  just  west  of  Stockton, 
Modesto,  Livingston,  Lemoore,  and  Angiola.  Boundary  B'B'  lies 
between  A'A'  and  C'C  from  Stockton  to  Lemoore,  where  it  crosses 
C'C,  diverging  gradually  from  it  and  ultimately  curving  in  a  broad 
sweep  eastward  to  the  foothills.  These  boundaries  do  not  show  the 
exact  limits  of  the  areas  of  sulphate-bearing  waters  within  2  or  3  miles 
east  or  west,  but  in  view  of  the  large  number  of  tests  it  is  fairly  certain 
^t  weDs  1,200  feet  or  less  in  depth  west  of  boundary  A' A'  yield 
sulphate  waters  and  that  wells  less  than  1,200  feet  and  probably  those 
2,000  or  more  feet  deep  east  of  boimdary  C'C  yield  nonsulphate 
waters.  Between  those  two  boundaries,  which  separate  the  areas  of 
typical  east-side  and  west-side  waters,  lies  a  strip  3  to  15  miles  wide 
in  the  axis  of  the  valley,  where  the  change  in  sulphate  content  occurs. 
North  of  Kings  River  the  change  in  the  water  from  wells  of  the  same 
depth  along  parallels  is  abrupt,  and  the  farther  the  wells  are  from  the 
west  side  of  this  strip  in  the  axis  the  deeper  they  can  be  bored  without 
striking  sulphate  water. 

CAUSE  OF  THE  DIFFERENCE   IN   COMPOSFTION   OF   WATEB. 

This  essential  difference  in  the  chemical  composition  of  the  groimd 
waters  is  traceable  to  the  structure  of  the  plain.  Geologically  San 
Joaquin  Valley  is  a  deep  trough  that  has  been  filled  to  its  present 
level  by  material  washed  down  from  the  slopes  of  the  mountains 
bounding  it,  and  the  chemical  characteristics  of  the  filling  material 
are  essentially  those  of  the  rocks  from  which  the  material  has  been 
derived.  The  rocks  of  the  Sierra  are  principally  granites  and  meta- 
morphic  igneous  slates  and  schists.  These  hard,  difficultly  soluble 
rocks  and  the  sedimentary  rocks  derived  from  them  that  he  along 
the  eastern  foothiUs  as  far  south  as  Madera  County  and  also  in  Kern 
County  have  supplied  to  the  valley  material  that  is  in  turn  capable 
of  yielding  little  mineral  matter  to  water  percolating  through  it; 
consequently  the  areas  of  east-side  debris  furnish  groimd  waters 
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notably  low  in  all  mineral  constituents.  On  the  other  hand,  the  rocks 
of  the  Coast  Range,  consisting  largely  of  Cretaceous  shales  and  sand- 
stones and  the  calcareous  gypsifeirous  shales,  sandstones,  and  days 
derived  from  them  are  much  more  soluble,  and  the  filling  material  of 
the  west  side  of  the  valley  is  therefore  distinctly  different  from  that 
of  the  east  side.  The  water  that  passes  through  the  west-side  allu- 
vium becomes  highly  impregnated  with  mineral  matter  and  consti- 
tutes a  distinct  type  of  supply  whose  essential  characteristic  is  the 
presence  of  large  quantities  of  sulphate  and  correspondingly  large 
quantities  of  bases. 

CONTACT  ZONE  OP  SULPHATE  AND  NON8ULPHATE   WATERS. 

In  order  to  trace  more  closely  the  boundaries  of  these  character- 
istic types  of  water  cross  sections  have  been  plotted  along  the  east 
and  west  lines  indicated  in  Plate  II  (see  cross  sections  AB  to  MN, 
inclusive,  PL  III).    The  nimibers  on  the  cross  sections  represent 
the  amounts  of  sulphate  found  in  the  ground  waters.    The  position 
of  the  dot  near  each  number  in  reference  to  the  surface  profile  cor- 
responds to  the  depth  of  the  well,  and  its  position  in  reference  to  the 
vertical  axis  corresponds  to  the  distance  of  the  well  from  the  west 
side  of  the  valley,  all  the  cross  sections  originating  at  the  foothills  of 
the  Coast  Range.    Dotted  lines  aa'  indicate  the  known  eastern  boimd- 
aries  of  zones  of  sulphate  water  and  dotted  lines  bb'  the  known 
western  boundaries  of  zones  of  water  very  low  in  sulphate.    The 
width  of  the  imcertain  strip  between  aa'  and  bb'  obviously  differs  in 
the  several  sections  according  to  the  available  information  regarding 
quality.    Solid  lines  cc'  indicate  in  each  section  the  probable  junc- 
tion between  the  zones  of  sulphate  and  nonsulphate  water,  and  the 
d^ree  of  imcertainty  of  its  location  is  clearly  indicated  by  its  relation 
to  the  other  lines.    The  upper  end  of  boundary  cc'  is  located  on  the 
west  side  of  the  present  beds  of  the  axial  watercourses  in  all  the 
sections  except  IJ  and  MN,  thoiigh  the  imcertain  strip  is  2  to  10  miles 
wide  at  the  surface  except  in  section  MN.    This  apparently  empirical 
location  of  the  boimdary  is  explainable  by  the  fact  that  local  informa- 
tion indicates  the  sulphate  or  nonsulphate  character  of  the  water 
near  the  surface  in  many  places  where  tests  could  not  be  made.    No 
analyses  of  water  along  the  location  of  section  AB  are  available  on 
the  west  side  nearer  the  river  than  Banta,  but  the  poor  quality  of 
two  waters  less  than  2  miles  west  of  the  river  was  evident  from  tiieir 
taste.     In  section  CD,  aa'  is  very  near  the  location  of  the  river,  and 
east  of  Newman  and  Los  Banos  and  at  Mendota  (sections  EF,  GH,  and 
KL)  shallow  borings,  when  they  contain  water,  are  currently  reported 
to  yield  highly  mineralized  suppUes.     Therefore  it  is  probable  that 
cc'  should  have  about  the  surface  location  indicated.    The  abrupt 
change  in  character  of  the  waters  is  not  absolutely  demonstrated  for 
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the  entire  distance  from  San  Joaquin  Bridge  to  Kings  River,  but 
that  the  transition  is  effected  very  quickly  in  some  regions  is  shown 
by  the  data  in  sections  IJ  and  MN,  in  which  the  sulphate  content 
of  the  ground  waters  drops  from  100  to  500  parts  per  million  down 
to  practically  nothing  within  2  or  3  miles. 

In  aU  the  sections  cc'  dips  eastward;  that  position  is  clearly  estab- 
lished in  sections  EF,  KL,  and  MN,  and  comparison  of  data  for  wells 
near  the  other  sections  but  not  included  in  them  shows  the  proba- 
bility of  a  generally  similar  dip  everywhere  between  San  Joaquin 
Bridge  and  Kings  River.  The  dip  of  cc'  explains  why  some  shallow 
wells  near  the  axis  yield  better  water  than  deep  ones.  For  example, 
weDs  of  any  depth  less  than  600  feet  in  Newman  (see  section  EF,  PI.  Ill) 
yield  water  high  in  sulphate;  in  Stevinson  Colony,  a  few  miles  farther 
east,  however,  water  from  wells  less  than  80  feet  deep  contains  almost 
no  sulphate,  but  water  from  wells  exceeding  250  feet  in  depth  is  as 
high  in  sulphate  as  that  in  Newman,  and  a  well  in  Livingston  or  east 
of  that  city  could  probably  be  drilled  to  any  depth  without  striking 
sulphate  water. 

RELATION     BETWEEN    THE    CHABAOTEB    OP    THE     WATERS     AND    THE 
ORIGIN  OF  THE  SILTS. 

What  relation  the  boundary  between  these  types  of  water  bears 
to  the  junction  of  the  east  and  west  encroachments  of  silt  deposited 
during  the  filling  of  the  valley  is  a  geologic  problem  that  need  not 
be  extensively  considered.  It  is  significant  that  the  present  bed  of 
the  river,  the  lowest  part  of  the  land  surface,  coincides  so  nearly 
with  the  surface  boundary  between  the  types  of  ground  water.  As 
silts  that  are  now  transported  to  the  axis  from  both  sides  of  the 
valley  are  sharply  divided  from  each  other  by  being  diverted  to  a 
northerly  course  at  the  river  groimd  waters  moving  toward  the 
axis — at  least  those  near  the  surface — ^would  be  differentiated  in 
chemical  composition  because  the  sediments  through  which  they 
are  passing  are  derived  from  rocks  of  diflferent  character.  Such 
waters  can  not  mingle  to  any  great  extent  both  because  of  their 
being  balanced  by  hydrostatic  pressure  and  because  of  their  diver- 
sion imderground  to  foDow  the  northerly  course  of  the  river.  Con- 
sequently it  is  reasonable  to  conclude  that  the  bed  of  the  river 
ahrays  has  been  the  junction  line  of  the  two  apposed  influxes  of 
debris  and  that  the  line  of  demarcation  between  the  types  of  wat^r 
represents  successive  positions  of  the  river  channel  during  the  up- 
building of  the  valley.  Such  supposition  readily  explains  the  com- 
paratively sharp  change  in  the  character  of  the  waters,  a  condition 
that  would  not  exist  if  the  east-side  waters  had  pushed  westward 
mto  the  west-side  sediments  or  if  the  west-side  waters  had  entered 
the  east-side  sediments.     The  westward  migration  of  the  bed  of  the 
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stream  Is  caused  by  the  greater  proportion  of  silt  contributed  by 
the  east-side  streams  because  of  their  greater  discharge  and  the 
more  rapid  upheaval  of  the  Sierra. 

The  only  well  on  the  west  side  found  to  contain  very  little  sul- 
phate is  2,250  feet  deep  and  in  sec.  14,  T.  18  S.,  R.  18  E.,  midway 
between  the  locations  of  cross  sections  MN  and  OP  and  about  3 
miles  west  of  Kings  River  Slough.  This  apparent  lack  of  sulphate 
in  the  waters  of  the  deep  sediments  on  the  west  side  indicates  the 
presence  of  sediments  like  those  of  the  east  side  below  the  typical 
material  of  the  west  side,  but  as  no  other  well  approaching  this  one 
in  depth  could  be  found,  this  single  t«st  does  not  furnish  sufficient 
evidence  for  definite  conclusions. 

CONDITIONS  ABOT7ND  TUUkBE  LAXX. 
CONTACT  ZONE   OF  SULPHATE   AND  NON8ULPHATE   WATERS. 

The  relations  between  the  east-side  and  west-side  types  of  ground 
water  change  materially  near  the  outlet  of  Kings  River.  Shallow 
wells  bordering  the  north  and  east  shores  of  Tulare  Lake  yield 
water  high  in  sulphate  and  other  constituents,  but  deep  wells  in 
the  same  area  yield  water  exceptionally  low  in  all  constituents, 
including  sulphate.  The  reason  for  this  apparently  confused  con- 
dition can  be  made  dear  by  consideration  of  the  cross  sections 
depicted  in  Plate  III  and  figure  3.  The  section  indicated  by  OP 
(PI.  Ill)  starts  at  the  foot  of  the  hills  west  of  Huron,  crosses  Kings 
River  Slough  southwest  of  Lemoore,  and  passes  through  Hanford. 
The  sections  indicated  by  QR,  QS,  and  QT  have  their  origin  at 
a  common  point  in  T.  21  S.,  R.  18  E.,  and  radiate  across  the  basin 
of  Tulare  Lake,  passing,  respectively,  south  of  Stratford,  through 
Tulare,  and  north  of  Angiola.  lines  aa',  bb',  and  cc'  represent, 
respectively,  the  known  eastern  boundary  of  sulphate  wat«r,  the 
known  western  boundary  of  nonsulphate  water,  and  the  probable 
contact  between  those  two  types  of  water. 

The  relations  between  aa',  bb',  and  cc'  in  sections  OP-QfP  indicate 
that  the  overlapping  of  the  zone  of  sulphate-bearing  waters  is  due  to 
saUne  material  that  has  been  deposited  in  the  lake  bed  during  suc- 
cessive evaporations  of  the  lake  water.  Kern,  Kaweah,  and  other 
rivers  now  regularly  or  intermittently  tributary  to  Tulare  Lake 
formerly  discharged  their  waters  north  toward  San  Joaquin  Riv^, 
but  the  outpushing  delta  of  Kings  River,  gradually  cutting  oflf  the 
higher  end  of  the  valley,  formed  the  basin  of  Tulare  Lake  and  altered 
the  river  courses.  Shallow  Tulare  Lake,  which  fluctuates  greatly 
in  area,  has  been  completely  dry  within  recent  years,  and  xmdoubt' 
edly  similar  periods  of  low  water  and  dryness  have  been  often  included 
in  the  history  of  the  lake  since  its  formation.    After  the  water  has 
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been  removed  by  evaporation  the  mineral  substances  thus  left  behind 
hare  skongly  impregnated  the  bed  with  salts,  which  later  influxes 
of  silt  have  partly  covered  and  protected  from  resolution.  Thus  as 
the  vafley  has  been  built  up  the  lake  basin  has  been  filled  with  alter- 
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known  to  contain  much  autphsta     knowntocontain  very  little  sulphate      containing  very  little  sulphate 

^ITU  2.— LoDgitudiiial  sections  showing  sulphate  content  of  ground  water  In  the  vicinity  of  Tulare  Lake. 

mating  or  mixed  layers  of  silt  and  saline  deposits  that  now  yield  highly 
mineralized  waters  to  wells  entering  them.  Wells  that  pass  com- 
pletely through  the  old  lake  beds  on  the  east  side  reach  sediments 
capable  of  furnishing  excellent  supplies,  because  they  are  unmixed 
with  the  saline  deposits.    Therefore  aa'  in  sections  OP-QT  marks 


Digitized  by  VjOOQIC 


106  GROUKD  WATER  IN  SAN  JOAQUIN  VALLEY. 

not  only  the  known  east  boundary  of  the  zone  of  sulphate  water,  but 
also  the  known  boundary  of  the  zone  of  saline  impr^natioDy  while 
cc^  shows  the  probable  boundary  between  the  eastrside  and  weBt-side 
types  of  water  for  part  of  its  length  and  the  boundary  between  the 
east-side  and  the  superimposed  ^'lake  residue"  waters  for  the  re- 
mainder. The  correct  position  of  dd',  indicating  the  probable 
western  boimdary  of  the  lake  deposits,  is  highly  imcertain,  but  the 
eastern  boimdary  of  the  zone  affected  by  the  lake  residues  is  fairly 
well  fixed  by  the  results  of  tests  of  water  from  shallow  wells.  It  runs 
southeast  from  Lemoore  (see  B'B',  PI.  II)  to  Corcoran,  thence  to 
Angiola,  beyond  which  its  location  is  not  well  defined.  One  well  40 
feet  deep  east  of  B'B'  in  sec.  1,  T.  19  S.,  R.  21  E.,  yields  water  con- 
taining 65  parts  per  million  of  sulphate,  but  this  doubtless  enters  a 
small  isolated  tract  of  alkali. 

The  distribution  of  sulphate  in  the  waters  imder  the  basin  of  the 
take  is  portrayed  also  by  longitudinal  sections  UV  to  YZ  in  figure  2, 
the  locations  of  which  are  indicated  in  Plate  II.  The  known 
boundaries  of  zones  of  sulphate  and  nonsidphate  waters  are  indicated 
by  aa'  and  bb'  as  in  Plate  III  except  that  in  the  longitudinal  sections 
the  boimdaries  mark  north  and  south  instead  of  east  and  west  limits. 
The  *  *  uncertain  area  "  in  the  section  across  the  east  side  of  the  present 
lake  from  Semitropic  to  Stratford  (section  UV)  is  necessarily  extensive 
because  so  few  ground  waters  were  available  for  examination.  In 
the  same  section  cc^  indicates  the  probable  contact  of  sidphate  and 
nonsulphate  waters  at  the  north  end  of  the  lake,  but  no  similar 
boundary  can  be  located  at  the  south  end,  for  the  only  water  that 
could  be  tested  between  the  lake  and  Semitropic  was  taken  from  a 
20-foot  dug  well  and  contained  1,130  parts  per  million  of  sulphate. 
More  abundant  data  in  section  WX,  8  miles  east  of  and  parallel  to 
UV,  permit  location  of  the  contact  (ccO  with  fair  degree  of  proba- 
bility at  an  average  depth  of  170  feet.  In  the  section  represented 
by  YZ,  3  miles  east  of  and  parallel  to  WX,  the  influence  of  the  lacus- 
trine deposits  does  not  appear.  The  sulphate  water  in  one  well  near 
Hanford  probably  comes  from  a  small  spot  of  alkali.  The  shallow 
wells  in  the  southern  part  of  this  section  are  affected  by  the  sediments 
of  different  character  in  Kem  County. 

TOTAL  MINERAL  CONTENT  OF  WATERS. 

Additional  evidence  that  the  highly  mineralized  condition  of  the 
aquifers  under  the  lake  is  caused  by  saline  residues  is  afforded  by  the 
results  of  other  tests  besides  those  for  sulphate.  All  excessive 
amoimts  of  chloride  and  bicarbonate  in  ground  waters  near  the  lake 
were  found  either  west  of  or  almost  exactly  in  the  position  indicated 
by  bb'  (PI.  Ill),  a  fact  indicating  that  bb'  represents  the  eastern  limit 
of  the  zone  of  highly  mineralized  waters  and  also  indicating  concen- 
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tration  and  deposition  from  highly  saline  solutions  as  the  causes  of 
the  impregnation  of  the  shallow  waters  with  mineral  matter. 

The  relation  of  the  total  mineral  content  of  the  waters  to  the 
probable  boundaries  of  the  old  lake  basin  is  graphically  summarized 
in  figure  3.  The  boundaries  aa^  bb^  cc^,  and  dd'  in  these  four 
sections  are  those  shown  in  Plate  III,  but  the  figures  give  the  calculated 
total  mineral  content  of  the  waters.  All  waters  from  the  alluvium 
above  the  boundary  indicated  by  dd'c  are  high  in  mineral  content 
and  waters  from  wells  west  of  the  lake  are,  of  course,  also  high  for 
the  west  side  is  normally  a  region  of  high  mineral  content.  The  bot- 
toms of  five  wells  yielding  water  containing  more  than  400  parts  of 
total  solids  are  in  the  boimdary  indicated  by  bb'  (fig.  3),  but  no 
well  whose  water  exceeded  that  amoimt  was  foimd  in  the  eastern 
part  of  the  area. 

THICKNESS   OF  THE   LAOUSTBINE   DEPOSITS. 

The  maximum  thickness  of  the  lacustrine  deposits  is  not  entirely 
established  because  of  the  Uinited  range  of  depth  of  weUs  that  could 
be  tested  and  because  of  uncertainty  whether  the  high  mineral 
content  of  wells  near  the  middle  of  the  basin  is  due  to  mineralization 
by  typical  west-side  alluvium  or  by  lake  deposits.  Along  boundary 
B'B'  (PI.  II)  the  thickness  is  not  more  than  8  or  10  feet.  Southwest 
of  Lemoore  the  water  of  a  well  375  feet  deep  (section  OP,  PI.  Ill)  con- 
tains 121  parts  of  sulphate,  and  the  water  of  a  well  386  feet  deep  near 
Stratford  (section  QR,  PI.  Ill)  contains  381  parts  of  sulphate,  but  that 
of  an  850-foot  well  as  near  the  slough  and  3  mil^  farther  north  yields 
water  containing  only  10  parts  per  miUion  of  sulphate.  The  water 
of  a  95-foot  well  (section  QS,  PI.  Ill)  in  sec.  25,  T.  20  S.,  R.  21  E.,  con- 
tains 127  parts  of  sulphate,  and  that  of  a  400-foot  well  near  by  prac- 
tically none;  the  water  of  a  102-foot  well  in  sec.  23,  T.  22  S.,  R.  22  E. 
(section  QT,  PI.  Ill), contains  1,640  parts,  and  that  of  a  216-foot  well 
in  the  next  section  practically  none.  It  may  be  concluded  that 
the  maximum  thickness  of  the  lacustrine  deposits  is  certainly  not 
less  than  100  feet  nor  greater  than  850  feet  and  probably  about  400 
feet  and  that  the  thickness  is  much  less  near  the  edges  of  the  basin. 
Boimdaries  cc'  and  dd'  have  been  located  in  sections  OP  to  QT 
inclusive  (PI.  Ill)  in  accordance  with  these  conclusions. 

PROPER   DEPTH   OP   WELLS   NEAR  TULARE   LAKE. 

Plate  IV  shows  the  depths  to  which  wells  near  Tulare  Lake  should 
be  sunk  in  order  to  strike  water  of  good  quality.  The  purple  con- 
tour lines,  indicating  the  depth  in  feet  below  which  waters  containing 
sulphate  or  excessive  amoimts  of  other  mineral  constituents  will 
probably  not  be  encountered,   have  been  located  in  accordance 
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with  the  data  in  sections  OP  to  YZ,  inclusive  of  Plate  III  and  figures 
2  and  3.  Dependence  has  necessarily  been  placed  in  the  reported 
dq)ths  of  wdls.  Boundary  A'A'  corresponds  to  boundary  A'A' 
indicated  in  Plate  II. 

For  safety  wells  should  be  sunk  50  to  100  feet  deeper  than  the 
depths  indicated  by  the  contours^  and  as  practically  all  the  water 
in  the  upper  strata  is  highly  impregnated  with  mineral  matter  the 
casings  should  be  tight  down  to  the  good  water.  Though  it  is  not 
known  how  far  west  of  the  location  of  the  500-foot  contour  weUs 
can  be  drilled  without  encountering  sulphate  water,  line  A'A'  rep- 
resents the  extreme  western  limit  of  nonsulphate  water  at  all  depths, 
and  the  safe  limit  even  for  deep  wells  is  probably  not  beyond  the 
middle  of  the  lake,  the  shore  of  which  in  1910  is  shown  by  a  dotted 
line  located  from  personal  observation  and  local  report  without 
instrumental  data.  Within  the  area  near  Tulare  Lake  designated 
as  yielding  nonsulphate  water  spots  may  be  found  where  suppUes 
of  poor  quality  may  be  afforded  by  deep  wells,  but  such  spots  will 
be  small.  Information  regarding  the  quality  of  ground  waters 
inunediately  south  of  Alpaugh  is  scanty. 

CONDITIONS  80X7TH  OF  TULAItB  LAKB. 

Data  on  the  quality  of  groimd  water  in  Kern  Coimty  are  restricted 
to  so  few  areas  that  conclusions  can  be  formed  only  in  respect  to 
local  characteristics,  the  analyses  being  discussed  in  more  detail  on 
pages  292-294.  The  water  of  wells  200  to  1,000  feet  deep  at  Pond, 
Semitropic,  ButtonwiUow,  and  Oil  Center  contains  little  sulphate, 
but  the  deep  water  in  the  basin  of  Kern  Lake  contains  some,  and 
nearly  aU  ground  water  southeast  of  Bakersfield  to  a  depth  of  at 
least  300  feet  seems  to  contain  much  sulphate.  A  weU  686  feet 
deep  6  miles  west  of  ButtonwiUow,  whose  water  carries  49  parts 
per  million  of  sulphate,  may  mark  the  eastern  boundary  of  the 
west-side  type  of  water.  Contrary  to  conditions  farther  north, 
many  shallow  waters  in  the  east  part  of  the  valley  in  Kern  Coimty 
are  rather  high  in  sulphate  and  other  substances.  This  high  mineral 
content  may  be  due  to  the  influence  of  the  PUocene  and  Miocene 
sediments  at  the  base  of  the  Sierra,  which  in  Kern  County  are 
different  in  texture  and  composition  from  those  north  of  Madera 
Coimty. 

Cretaceous  rocks  are  plentiful  and  the  ground  waters  are  notori- 
ously bad  in  the  foothills  south  of  the  basin  of  Kern  Lake.  There- 
fore, the  high  sulphate  content  of  groimd  water  in  the  adjacent 
portions  of  the  valley  is  probably  caused  by  the  character  of  the 
silt  washed  down  from  the  hills  as  well  as  by  concentration  similar 
to  that  which  has  occurred  in  the  basin  of  Tulare  Lake.    The  data 
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in  section  D'E'  (fig.  4)  indicates  a  gradual  increase  of  mineral  con- 
tent of  the  ground  water  from  north  to  south  across  the  basin  of 
Kern  Lake,  the  bed  of  which  is  now  dry  and  under  cultivation. 
The  deep  waters  imder  the  lake  bed  contain  measurable  quantities 
of  sulphate,  but  none  is  particularly  high  in  dissolved  solids,  and  all 
are  greatly  superior  to  the  shallow  waters  around  Tulare  Lake. 
This  more  favorable  condition  is  explained  by  the  fact  that  the 
Kern  basin  has  not  been  landlocked  so  long  as  that  of  Tulare  Lake. 
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Figure  4.— fiacUoa  D'E%  showing  oontcot  of  sulphate  and  total  mineral  matter  ^f  groond  waters  in  the 

basin  of  Kern  Liake. 

COMPOSITION  AND  QUALITY  OF  BAST-SCDB  WATERS. 

Ground  waters  distinctly  of  the  east-side  type  occur  east  of  the 
boundaries  indicated  by  B'B'  and  C'C  in  Plate  II  (in  pocket),  and 
the  location  and  significance  of  these  boundaries  have  been  dis- 
cussed (pp.  100-104).  Wells  less  than  1,100  feet  deep  in  the  east  side 
north  of  Kern  County  yield  waters  much  alike  in  total  mineral  con- 
tent and  in  composition.  These  waters  are  the  best  groimd  supplies 
in  the  valley,  being  usually  acceptable  for  all  purposes  and  belonging 
almost  exclusively  to  the  calcium  carbonate  class  ^  typical  of  humid 
and  semihumid  regions.  On  the  east  side  near  the  axis  sodium 
carbonate  and  some  sodium  chloride  waters  are  foimd,  but  sulphate 
waters  are  found  only  in  a  few  widely  separated  tracts  in  Tulare 
County.  The  averages  in  Table  22  show  the  characteristics  of  the 
east-side  waters  and  their  similarity  to  each  other. 

^  For  the  explanation  of  this  and  similar  tenns  dfifloing  the  character  of  water  see  p.  80. 
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Tabus  22.— Average  chemical  composition  and  (nudity  of  water  from  wells  20  to  1,100  feet 
deep  east  of  the  boundaries  indicated  oy  B^B^  and  C'Cy  in  Plate  II. 

{Parts  per  mflUon  except  as  otherwise  designated.] 


quin 
Coun- 
ty. 


Stanis- 
laus 

Coun- 
ty. 


Mf>roed 
Coun- 
ty. 


Madera 
Coun- 
ty. 


Frp«no 

CJoun- 

ty. 


Tulare 
Coun- 
ty. 


Aver- 
age. 


Limits  of  indi- 
vidual deter- 
minations. 


High- 
est. 


Low- 
est. 


Xozaber  of  analyses 

Cbrixmate  radicle  (COs) 

Bietrbonate  radicle  (HCO3). 

Sulphate  radicle  (SO4) 

ailorine(Cl) 

Sodium  and  potassium 

(Na+K) 

Total  hardness  as  CaCOs. ... . 

Total  solids. 

.Ukalicoeffident  (Ic)  (inches) 
Scale-forming    constit- 

nen^Cs) 

Fouling  constituents  (0 


40 

0 

160 

5 

35 

35 
140 
280 

50 

180 
100 


21 

0 

160 

Tr. 

50 

35 
140 
310 


190 


26 

0 

140 

Tr. 

25 

30 
100 
210 

60 

140 
80 


20 

0 

125 

4 
40 

20 
120 
220 

60 

160 
60 


34 

0 

135 

4 
20 

30 

70 

210 

70 

130 
80 


67 

Tr. 

140 

8 

35 

40 
100 
240 

40 

140 
110 


a20S 

0 

140 

4 

35 


110 
240 
60 

160 
00 


18 
844 
202 
490 

500 

500 

1,500 

400 

460 
1,000 


0 

35 

Tr. 

4 

4 
4 

fiO 
4 

40 
0 


a  Total. 

The  averages,  which  have  been  computed  from  the  results  of  the 
assays,  are  arranged  in  geographic  order  from  north  to  south,  and 
they  are  graphically  represented  in  Plate  V  (p.  120) .  Tests  were  made 
for  carbonate,  bicarbonate,  sulphate,  chloride,  and  total  hardness, 
and  the  other  quantities  are  computed  from  the  results  of  those  tests. 
The  mean  of  208  analyses  represents  a  water  moderate  in  total  solids, 
fairly  hard,  and  without  distinct  taste  due  to  mineral  matter,  and 
therefore  unobjectionable  from  a  chemical  standpoint  for  domestic 
use;  such  water  would  be  fair  for  boiler  use,  as  it  contains  only  a 
moderate  amount  of  scale-forming  matter  and  little  foaming  matter; 
and  it  wotdd  be  entirely  acceptable  for  irrigation.  The  averages  by 
counties  represent  waters  of  the  same  type,  for  the  differences  in  some 
of  the  constituents  are  not  great  enough  to  have  particular  signifi- 
cance. The  apparent  tendency  toward  decrease  southward  in  hard- 
ness and  bicarbonate  may  be  explained  by  the  decrease  in  rainfall, 
which  results  in  a  decrease  in  the  quantity  of  carbon  dioxide  supplied 
by  decaying  vegetation.  The  last  two  columns  of  Table  22  show 
that  local  fluctuations  in  quality  are  far  greater  than  the  differences 
in  the  county  averages,  and  they  indicate  that  there  is  considerable 
latitude  for  selection  when  supplies  of  lowest  mineral  content  are 
necessary.  The  fluctuations  are  much  greater  in  Tulare  County 
than  in  any  other  part  of  the  region.  Altogether  the  waters  of 
weDs  less  than  1,100  feet  deep  are  more  nearly  uniform  in  quality 
throughout  the  east  side  than  in  any  other  part  of  the  valley. 
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Table  23. — Chemical  composition  of  water  from  welh  more  than  1,100  feet  deep  east  of 
the  boundaries  indicated  by  B'B^  and  CCy  in  PlaU  II, 

[Parts  per  mfllion  except  as  otherwise  designated.] 


Carbonate  radicle  (COs) 

Bicarbonate  radlde  (UCOt) 

Sulphate  radicle  (8O4) 

Chlorine  (CI) 

Sodiam  and  potassium  (Na+  K)  <>. 

Total  hardneas  as  CaC  Os 

T  otal  solids  « 

Depth  of  wells  (feet) 


San  Joaquin 
Coun^. 


0 

110 

5 

2,900 

1,300 

1,650 

5,900 

1,200  to  2, 600 


Madera 
(bounty. 


0 

137 

Tr. 

1,160 

485 

776 

2,000 

1,310 


FrBsno 
County. 


Tr. 
417 
Tr. 
135 
240 
47 
610 
1,200 


Tulare 
County. 


5 
15 
SO 
8 
170 
1,400 


a  Computed. 

East-side  wells  more  than  1,100  feet  deep  yield  water  entirely  diflFer- 
ent  in  composition  from  that  of  shallower  wells.  Four  wells,  1 ,200  to 
2,500  feet  deep,  in  San  Joaquin  Coimty  yield  salt  water  unfit  for  use. 
(See  Table  23.)  The  1,310-foot  well  near  Madera  suppUes  salt  water 
much  lower  in  mineral  content  than  that  from  the  deep  wells  in  San 
Joaquin  County.  The  1,200-foot  well  east  of  WheatviUe,  Fresno 
County,  yields  water  much  lower  in  chloride  and  all  other  constitu- 
ents, but  carbonate  is  so  high  that  the  water  is  poor  for  irrigation. 
The  supply  of  the  1,400-foot  well  in  T.  22  S.,  R.  24  E.,  represents  con- 
ditions in  Tulare  County,  where  some  of  the  best  waters  are  struck 
at  depths  greater  than  1,100  feet.  This  sodium  oarbonate  water  is 
low  in  mineral  content  and  fairly  acceptable  for  boiler  supply  and  for 
irrigation.  It  is  important  to  note  that  neither  this  well  nor  those 
as  deep  as  2,000  feet  near  Tulare  Lake  encounter  salt  water,  as  do 
wells  of  similar  depth  near  Stockton. 

COMPOSITION  AND  QUALITY  OF  WEST-SIDB  WATEBS. 
GENERAL   CHARACTER. 

Typical  west-side  ground  waters  occur  west  of  the  boundary  in- 
dicated by  A 'A'  in  Plate  II  (in  pocket).  They  are  not  so  imiform 
in  mineral  content  as  the  waters  of  the  east  side,  but  they  are  much 
higher  in  mineral  content,  and  they  are  characterized  by  high  pe^ 
centages  of  sulphate.  Calcium  sulphate  or  gypsum  waters  occur 
generally  near  the  foothills  of  the  Coast  Range,  and  sodium  sulphate 
waters  near  the  axis  of  the  valley.  The  west-side  supplies  as  a  class 
are  so  highly  mineralized  that  they  are  very  hard  and  are  unsuitable 
for  boiler  use  without  purification.  Nearly  all  of  them  have  a  dis- 
tinct "alkali"  taste  and  many  are  unpalatable.  Fortunately,  how- 
ever, the  sulphate  nature  of  the  dissolved  matter  makes  it  rdativdy 
less  harmful  to  crops,  and  comparatively  few  supplies  are  absolutely 
unfit  for  irrigating  lands. 
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QUALITY   IN  BELATION   TO   GEOGRAPHIC   POSITION. 

The  quality  of  the  west-side  ground  waters  differs  so  much  from 
place  to  place  that  no  more  definite  description  of  the  waters  as  a 
class  can  be  given  than  that  in  the  preceding  paragraph.  The  region 
has,  therefore,  been  roughly  divided  into  districts,  in  which  the  sup- 
plies are  more  or  less  comparable  with  each  other,  for,  unlike  the  wa- 
ters of  the  east  side,  the  waters  of  the  west  side  are  dependent  in 
quality  more  on  geographic  position  than  on  depth.  The  averages  of 
andyses  of  water  in  each  district,  presented  in  Table  24,  indicate  ap- 
proximately the  character  of  the  west-side  supplies  and  the  differ- 
ences to  which  they  are  subject.  The  last  column,  giving  the  average 
quality  of  ground  waters  on  the  east  side  of  the  valley,  has  been  added 
for  comparison.  The  total  mineral  content  of  water  in  each  district 
B  graphically  represented  in  Plate  V  (p.  120). 

Table  24. — Average  chemical  composition  and  quality  of  around  waters  west  of  the 
boundary  indicated  by  A^A^  in  PlcUe  II. 

[Parts  per  miUJon  except  as  otherwise  designated.) 


Number  of  analyses 

Carbonate  radicle  (COsi. 

Bicarbonate  radicle  (HCO,) 

Sobhate  radicle  (8O4) 

ailartoe(Cl) 

Sodiom  and  potassium  (Na+  K)  a 

Total  hardness  as  CaCOs 

Total  solidso 

.\IlnU  coefficient  (k)  (Inches) «... 
Scale-formini;  constituents  (s)  a . . . 
Foaming  constituents  (0  « 


San  Joa- 
quin 
County 

foothUls. 


5 
Tr. 
180 
690 
300 
340 
620 
1.800 

4 
650 
900 


San  Joa- 
quin 

County 

between 
Tracy  and 

San  Joa- 
quin River. 


15 
Tr. 
190 

aoo 

75 
50 
280 
&K) 
30 
310 
230 


Stanislaus 
County. 


21 
Tr. 
220 
220 
300 
130 
400 
030 

21 
420 
340 


Merced 
C-ounty 

northwest 
of 

LosBanos. 


14 

Tr. 

240 

70 

60 

50 

250 

510 

40 

300 

150 


Meroed 
County 

southeast 
of 

Los  Banos. 


180 
330 
440 
360 
380 
1.530 
6 
410 
960 


Komber  of  analyses 

Cwbonateradide(COt) 

BJcarbonate  radicle  (HCOi) 

^^^^^±:::::::■:■. 

Sodium  and  potassium  (Na+K)  a 

Total  hardness  as  CaCOs 

Total  solidsa 

A^i  coefficient  (k)  (inches)  a . . . 
nile'Icnning  coi»tituent8  (s)  a . . . 
naming  constituents  ( 0  « 


Fresno 
County 

northwest 
of 

Mendota. 


7 
Tr. 
150 

1,140 
220 
350 
900 

2,300 

9 

950 

900 


Fresno 
County 
near  foot- 
hills south 
of  Mendota. 


0 

145 

1,160 

130 

240 

1,040 

2,100 

12 

840 

640 


Fresno 
County 

near  slough 
south  of 

Mendota. 


10 

0 

250 

420 

70 

240 

250 

1,030 

20 
280 
660 


Kings 
County. 


Tr. 

70 
290 

60 
110 
170 
610 

25 
240 
310 


Average 

quality  of 

east-side 

waters. 


208 

0 

140 

4 

35 

30 
110 
240 

60 
160 

90 


a  Computed. 


The  waters  of  five  wells,  46  to  268  feet  deep,  in  San  Joaquin  County 
between  Tracy  and  the  western  foothills  belong  to  the  sodium 
sulphate  class,  and  they  carry  900  to  2,500  parts  per  million  of  min- 
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eral  matter,  250  to  960  parts  of  which  is  sulphate.  They  are  poor 
for  irrigation  and  too  high  in  scale-forming  and  foaming  constituents 
to  be  fit  for  boiler  use. 

Alkalies  predominate  in  some  of  the  1 5  waters  from  widely  scattered 
weUs  20  to  400  feet  deep  in  the  same  coimty  south  and  east  of  Tracy 
and  west  of  San  Joaquin  River,  but  most  of  the  waters  belong  to  the 
calcium  sulphate  class.  All  would  be  considered  poor  for  boilers 
because  they  would  form  large  quantities  of  hard  scale  and  would 
cause  foaming.  They  are  better  than  the  waters  near  the  foothills, 
however,  and  they  are  low  enough  in  mineral  matter  to  be  suitable 
for  irrigation.  Depth  bears  no  apparent  relation  to  quality,  except 
that  in  certain  sections  the  shaUow  supplies  are  somewhat  worse  than 
the  deep  ones. 

The  part  of  Stanislaus  County  between  San  Joaquin  River  and  the 
western  foothills  is  narrower  than  the  rest  of  the  west  side,  and  con- 
sequently the  normal  ground  water  there  is  affected  by  mixture  "with 
the  more  highly  mineralized  water  that  is  slowly  percolating  north- 
ward from  farther  south  in  the  valley.  The  21  supplies  that  were 
tested  in  western  Stanislaus  County  differ  greatly  from  each  other  in 
composition,  ranging  from  the  calcium  sulphate  to  the  sodium  chloride 
type.  The  artesian  waters  near  San  Joaquin  River,  like  those  in 
Stevinson  colony  across  the  river,  are  salty,  rather  poor  for  irrigation, 
and  capable  of  foaming  in  boilers.  Wells  20  to  200  feet  deep  through- 
out the  region  yield  suppUes  containing  chlorine  in  amoimts  ranging 
from  15  to  300  parts  without  apparent  regularity.  Most  of  the  waters 
could  be  used  for  irrigation,  but  none  is  good  for  boiler  use  because 
of  the  high  content  of  scale-forming  and  other  ingredients. 

Conditions  in  Merced  County  are  similarly  complex  and  irregular. 
West  and  north  of  and  including  Los  Banos  14  wells,  23  to  580  feet 
deep,  yield  better  water  than  wells  southeast  of  that  city.  Sulphate 
is  lower  than  in  other  parts  of  the  west  side  and  chloride  likewise  is 
moderate,  but  both  radicles  are  always  present  in  appreciable  amount. 
The  waters  generally  can  be  used  for  irrigation  without  causing 
trouble  by  their  mineral  content,  but  they  need  to  be  softened  before 
being  used  in  boilers.  Waters  from  different  depths  show  irregular 
local  differences  of  quality. 

The  ground  supplies  southeast  of  Los  Banos  are  poorer  than  those 
northwest  of  that  city,  and  resemble  those  of  northwestern  Fresno 
County.  They  are  strong  sodiimi  sulphate  and  sodium  chloride 
waters  that  range  from  fair  to  very  poor  for  irrigation.  Their  con- 
tents of  foaming  and  scale-forming  ingredients  are  so  great  that  they 
are  poor  for  boiler  use,  and  some  of  them  are  industrially  useless.  A 
few  shallow  wells  near  irrigation  ditches  yield  water  better  than  the 
average. 
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The  broad  flat  west  side  of  Fresno  County,  at  present  occupied  by 
sheep  ranches  and  a  few  isolated  farms,  did  not  afford  much  oppor- 
tunity for  investigation,  but  the  results  of  the  tests  that  could  be 
made  make  it  apparent  that  this  region  yields  the  hardest  and  most 
strongly  mineralized  ground  waters  in  the  west  side  of  San  Joaquin 
Valley.  Most  of  the  wells  near  San  Joaquin  River  and  Ejngs  River 
Sough  yield  sodium  sulphate  waters  lower  in  mineral  content  than 
those  farther  west.  Ten  waters  from  wells  thus  situated  and  20  to 
1,100  feet  deep  contained  600  to  1,700  parts  per  million  of  total 
solids.  All  would  be  likely  to  foam  in  boilers  and  could  be  distinctly 
improved  by  being  purified  before  use.  Most  of  them  could  be  ap- 
plied in  irrigation  imder  proper  conditions  of  drainage  to  prevent  al- 
kali accumulation. 

The  watffl^  farther  west  in  Fresno  County  are  very  high  in  sul- 
phate and  alkaline  earths;  that  is,  they  are  gypsum  waters.  Though 
this  makes  their  content  of  incrustants  so  high  that  they  are  very 
bad  for  boiler  use,  it  does  not  influence  to  so  great  extent  their  value 
for  irrigation,  and  many  of  them  could  irrigate  crops  if  proper  precau- 
tions for  drainage  were  taken.  Few  shallow  wells  on  the  plains  yield 
water,  wells  usually  being  100  to  700  feet  deep,  and  it  is  improbable 
that  any  better  water  would  be  encountered  by  boring  deeper.  A 
well  2,250  feet  deep  yields  sodium  chloride  water  high  in  carlxmate 
and  very  poor  for  irrigation  or  for  boilers.  The  great  quantity  of 
gas  in  it  makes  it  likewise  unpalatable. 

Three  wells,  170  to  285  feet  deep,  west  of  Tulare  Lake,  in  Kings 
Comity,  were  tested,  one  near  the  present  shore  of  the  lake  and  two 
about  5  miles  from  it.  These  waters  contain  considerably  less  dis- 
solved constituents  than  the  west-side  waters  of  Fresno  County,  and 
they  could  be  considered  suitable  for  irrigation.  They  are  high  in 
sulphate,  however,  and  the  one  farthest  from  the  lake  is  a  strong 
gypsum  water. 

Field  work  in  the  region  south  of  Tulare  Lake  was  not  carried  far 
enough  west  to  make  it  certain  that  the  true  character  of  the  ground 
waters  in  that  part  was  discovered.  A  20-foot  dug  well  in  sec.  1  ( ?), 
T.  24  S.,  B.  21  E.,  yields  strong  water  high  in  sidphate,  because  it 
comes  from  the  mineralized  silt  in  the  basin  of  Tulare  Lake.  No  wells 
between  that  section  and  Semitropic  could  be  sampled,  but  wells  at 
the  latter  place  yield  water  low  in  sulphate.  Deep  waters  at  But- 
tonwillow  are  low  in  sulphate,  but  those  from  wells  40  to  100  feet 
deep  are  high  in  sulphate,  yet  do  not  have  the  very  high  mineral  con- 
tent that  is  characteristic  of  ground  waters  in  western  Fresno  County. 
Future  investigation  north  and  south  of  Lost  Hills  will  probably 
show  that  the  west-side  belt  of  waters  high  in  sulphate  extends  south- 
ward into  Kern  Coimty,  and  that  it  terminates  at  its  eastern  boun- 
dary as  abruptly  there  as  in  the  coimties  farther  north. 
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DEPOSITION  OF  CALCIUM  SULPHATE. 

The  figures  in  Table  24  (p.  113)  indicate  that  in  general  the  ground 
waters  near  the  western  foothills  are  calcium  sulphate  waters  and 
that  those  farther  east  are  sodium  sulphate  waters,  the  former  con- 
taining much  more  mineral  matter  than  the  latter.  This  highly 
interesting  alteration  in  the  ground  supplies  that  flow  from  the  foot- 
hills of  the  Coast  Range  toward  the  axis  of  the  valley  evidently  is 
the  result  of  deposition  of  gypsum  while  the  waters  are  passing 
through  the  ground.  This  phenomenon  can  be  made  clearer  by 
means  of  the  data  in  Table  25. 

Tablb  25. — The  deposition  of  calcium  ndphatefrom  west-side  waters. 
(Parts  per  inillion.) 


C0X18titU«Zlt8. 


Fresno  County, 
southern  part. 


A. 


B. 


Fresno  County, 
northflm  part. 


D. 


Bicarbonate  radicle  (HCOt) 

Sulphate  radicle  (SO4) 

Chlorine(Cl) 

Total  hardness  as  Ca804. . . 

Alkalies  (computed) 

Total  solids  (computed) — 


145 
1,160 

130 
1,410 

240 
2,100 


420 

70 

340 

240 

1,030 


140 
1,720 

140 
1,000 

360 
3,000 


184 
47D 
400 

no 

47D 
1,700 


Column  A  gives  the  average  of  analyses  of  water  from  7  wells 
80  to  400  feet  deep  near  the  foothiUs  southwest  of  Mendota  in  Fresno 
County  and  column  B  a  similar  average  for  10  wells  20  to  1,100  feet 
deep  in  a  strip  east  of  the  7  wells  but  west  of  Kings  River  Slough. 
These  averages  indicate  that  during  the  eastward  passage  of  the 
water  carbonate  increases  at  the  expense  of  the  chloride  and  the 
alkalies  remain  imchanged.  The  decrease  in  total  solids,  1 ,070  parts, 
is  equivalent  to  the  decrease  in  total  hardness  expressed  as  calcium 
sulphate;  furthermore,  the  decrease  in  sulphate,  740  parts,  is  equiva- 
lent to  1,050  parts  of  calcium  sulphate,  or  almost  exactly  the  decrease 
in  total  solids.  These  striking  relations  make  it  evident  that  gypsum 
is  being  deposited  from  the  groxmd  waters;  for  if  the  change  were  one 
of  simple  dilution  other  constituents  would  be  proportionately  de- 
creased, and  if  the  alteration  in  character  were  caused  by  reaction 
between  alkali  salts  in  the  sUt  and  the  calcium  salts  dissolved  in  the 
waters  sulphate  would  not  be  decreased  and  the  alkalies  would  be 
greatly  increased.  The  figures  in  columns  C  and  D  afford  a  similar 
comparison  of  waters  from  wells  in  the  northwestern  part  of  Fresno 
County,  column  C  giving  the  average  of  analyses  of  water  from  four 
wells  200  to  280  feet  deep  far  out  on  the  plains  and  column  D  giving 
the  mean  of  analyses  of  water  from  two  wells  437  and  532  feet  deep 
near  San  Joaquin  River.  The  decrease  in  sidphate,  equivalent  to 
1,700  parts  per  million  of  calcium  sulphate,  is  not  completely  equaled 
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by  the  change  of  1,630  in  total  hardness  as  calcium  sulphate  and  of 
1,300  in  total  solids,  but  these  alterations  are  all  of  such  magnitude 
in  comparison  with  other  changes  that  they  lead  to  the  conclusion 
that  calcium  sulphate  is  being  deposited.  North  of  Fresno  County 
ground  waters  near  San  Joaquin  River  are  affected  in  mineral  content 
by  seepage  from  the  south  and  consequently  any  similar  deposition 
ti^t  may  occur  there  is  effectually  concealed. 

COMPOSITION  AND  QUALITY  OF  AXIAL  WATBB8. 

IRBEGULARITY   OF  COMPOSITION. 

The  region  of  ground  waters  of  the  axial  type  can  not  be  bounded 
90  definitely  as  those  of  waters  of  the  east-side  and  west-side  types. 
It  is  included  within  the  artesian  area  and  it  covers  the  territory  be- 
tween the  boundaries  indicated  by  A'A'  and  C'C  in  Plate  II  (in 
pocket)  overlapping  on  both  sides  and  gradually  merging  into  the 
areas  in  which  other  types  predominate.  As  the  axis  of  the  valley 
or  the  lowest  part  of  its  trough  receives  the  drainage  of  the  valley 
ground  waters  there  contain  the  highest  proportion  of  the  most 
readily  soluble  substances,  the  alkalies.  On  the  west  side  sodium 
and  potassium  are  left  predominant  among  the  bases  after  calcium 
sulphate  has  been  removed  from  the  ground  water.  On  the  east 
side  the  moderately  mineralized  calcium  carbonate  waters  are 
strengthened  by  solution  of  alkali  salts  from  the  silts  through  which 
they  slowly  seep  on  their  way  from  the  foothills  to  the  axis,  and  they 
we  undoubtedly  altered  by  drainage  from  irrigated  lands.  Carbo- 
nate is  predominant  on  the  east  and  sulphate  on  the  west  side  of  the 
axial  belt,  and  both  radicles  are  overshadowed  by  chloride  in  several 
kKialities.  In  general,  the  higher  sodium  content  of  waters  from 
weDs  in  the  axis  makes  them  less  desirable  for  irrigation  than  that 
from  wells  on  either  side  of  the  valley,  and  the  same  characteristic 
makes  them  more  likely  to  foam  when  they  are  used  for  steaming. 

The  most  noticeable  feature  of  the  axial  waters  is  their  wide  range 
of  concentration  and  composition,  which  is  indicated  in  Plate  V  by 
graphic  representation  of  the  mineral  content  of  water  from  wells 
of  various  depths  in  many  localities.  Nearly  aU  wells  in  the  axis 
near  Tulare  Lake  yield  sodium  carbonate  water,  the  deep  supplies 
bring  much  lower  in  mineral  content  than  the  shallower  ones.  Along 
Kings  River  Slough  the  mineral  content  of  the  groimd  waters  is  in- 
creased by  the  strong  waters  entering  from  the  west  side,  and  this 
influence  continues  northward  for  some  distance  along  San  Joaquin 
River. 

CHLORIDE   CONTENT  OP  ARTESIAN   WATER. 

Many  deep  wells  along  the  axis  north  of  Kings  River  yield  brackish 
water,  while  wells  away  from  the  axis  but  just  as  deep  and  in  the 
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same  latitude  do  not;  this  indicates  the  existence  of  local  saline  de- 
posits in  the  moderately  deep  silts  and  the  downward  percolation  of 
water  charged  with  the  soluble  constituents  of  the  silts.  V^y  deep 
wells  invariably  jdeld  salt  water,  a  condition  that  may  be  explained 
by  the  broadspread  occlusion  of  saline  waters  within  the  deeper 
layers  of  silt.  As  this  likelihood  of  striking  distasteful  salty  wat^ , 
harmful  in  irrigation  and  corrosive  to  boilers,  is  a  discouraging  feature 
about  putting  down  deep  wells  into  the  abundant  artesian  flow  near 
the  river,  Table  26  has  been  prepared  giving  certain  data  regarding 
artesian  waters  that  were  tested  between  Lemoore  and  San  Joaquin 
Bridge. 

Table  26. — ChUrride  content  of  water  from  artesian  wells  between  San  Joaquin  Bridgt 

cmd  Lemoore. 


Location. 

Dopth 

(St). 

Ctalorine 
,    (CI) 
(PMjtePjr 
miliion). 

^Son. 

Quality  iDT 

8oe. 

T. 

B. 

Soflflrna. 

I>«]  PiMTto  Omtimba. 

480 
350 
385 
301 
600 
330 
350 
330 
402 

+500 
297 
707 
325 
350 
660 
372 
320 
300 
340 
283 
350 
550 
375 
437 
340 
400 
532 
520 

+300 

1,810 
640 
660 
TOO 
TOO 
760 
800 
600 

1,100 
600 

1,200 

1,178 
700 

3,360 

296 

2S0 

430 

450 

1,060 

830 

2,080 

1,960 

150 

1,530 

10 

30 

10 

139 

373 

445 

35 

25 

30 

35 

25 

1,155 

176 

685 

20 

30 

115 

1,680 

25 

1,160 

75 

345 

65 

55 

155 

365 

150 

85 

135 

135 

40 

30 

380 

Pair  

S»7^- 

Do 

1 

Foot./."... 

.....do 

Bad. 

Poor 

Bad. 

do. 

Cfood. 

Bad. 

Fair. 

Do 

1 

Do. 

36 

68 

68 

78 

78 

9E 

Very  bad. 
Do. 

81 

10  E 

6 

10  B 

Do. 

35 

10  E 

Do. 

17 

78 

HE 

Do 

13 

98 

9E 

Bad. 

30 

88 

HE 

Very  bad. 

Fair. 

10 

88 

13  E 

10 

88 

13  E 

do. 

Good 

Fair. 

Do 

37 

88 

ME 

Do. 

80 

98 

10  E 

Bad. 

36 

98 

10E....4 

11  E 

Poor 

do. 

Good 

do. 

Fair. 

Do. 

14 

108 

^"^ 

Sanion  de  Santa  Rita 

98 

13  E 

Do. 

31 

98 

13  E 

Do 

6 

108 

14  E 

QooA. 

.....do 

Bad 

Do. 

30 

9S 

15  E 

Do. 
V^bad. 
Poor. 

31 

118 

13  E 

1 

118 

13  E 

Fair 

38 

118 

13  E 

Poor 

Good. 

do. 

Poor 

Bad. 

Good. 

Bad. 

Fair. 

y«7bad. 
Fair. 

85 

98 

14  E 

11 

108 

14  E 

Do. 

33 

138 

14  E 

Vwybad. 
Do 

6 

138 

16  E 

84 

us 

16  E 

Fair 

83 

118 

18  E 

SS'^ 

31 

138 

15  E 

10 

148 

16  E 

.!?rdi..::::: 

Good 

Fair 

Do. 

13 

158 

16  E 

Do. 

19 

168 

16  E 

Do 

35 

158 

17E 

^o"^ 

ao....#-. 

do 

Good 

Poor. 

do 

Fair 

Do, 

9 

15  8 

17E 

Do. 

14 

168 

17E 

Do. 

8 

178 

17E 

Poor 

16 

17  8 

18  E 

Bad. 

8 

178 

18  E 

Do 

86 

188 

18  E 

Do. 

36 

188 

30E 

Poor 

do 

Poor 

14 

188 

WE...:::::::: 

Bad' 

Thirteen  artesian  waters  along  Kings  River  Slough  and  within  6 
mil^  of  that  water(K)urse  were  tested.  (See  Table  26.)  Among 
these  the  water  from  the  2,250-foot  well  in  T.  18  S.,E.  18  E.,  containing 
280  parts  of  chlorine,  is  practically  useless.  The  water  of  a  650-foot 
well  at  Jamesan  and  of  an  800-foot  well  south  of  that  station  are  rather 
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high  in  chlorine.  The  other  ten  waters,  from  wells  600  to  1,200  feet 
deep,  are  moderately  low  in  chlorine  and  good  to  poor  for  irrigatioQ, 
but  undesirable  for  boiler  use  because  of  their  high  contents  of  foaming 
ingredients.  Nearly  all  the  artesian  waters  from  wells  less  than  1,000 
feet  deep  east  of  San  Joaquin  River  and  south  of  Dickersons  Ferry  are 
low  in  chlorine  and  are  suitable  for  common  use,  but  those  west  of  the 
river  in  the  same  latitude  are  much  poorer.  Water  from  the  1,310- 
foot  well  in  T.  1 1  S.,  R.  18  E.,  is  high  in  chlorine  and  bad  for  g^ieral 
use.  AU  deep  waters  aroimd  Newman  and  Stevinson  Colony  contain 
much  chlorine.  This  condition  extends  south  to  Dickersons  Ferry 
and  north  to  Crows  Landing,  and  probably  no  wells  in  that  territory 
more  than  300  feet  deep  will  yield  really  satisfactory  water.  Water 
from  shallow  weUs  in  Stevinson  Colony  is  much  better  than  that  from 
deep  wells. 

No  well  more  than  200  feet  deep  could  be  foimd  between  Crows 
landing  and  Lathrop  and  therefore  the  quaUty  of  the  deep  axial 
waters  in  that  area  are  unknown.  The  water  of  the  480-foot  well  at 
OowB  Landing  carries  295  parts  per  million  of  chlorine  and  is  only 
fair  for  irrigation.  The  water  of  a  1,200-foot  well  near  French  Camp, 
just  north  of  Lathrop,  contains  1,735  parts  of  chlorine  and  is  tmfit  for 
irrigation.  Wells  more  than  1,200  feet  deep  at  Stockton  yield  salt 
water  while  those  700  to  1,100  feet  deep  yield  fresh  water  fair  or  poor 
for  irrigation  and  shallower  wells  yield  satisfactory  fresh  water. 

The  1,310-foot  well  near  Madera  yields  water  containing  1,160  parta 
per  miUion  of  chlorine.  Therefore  it  may  be  concluded  that  any  well 
more  than  1,200  feet  deep  between  Dickersons  Ferry  and  Smsun  Bay 
wiQ  yield  salt  water  unsuitable  for  use.  As  the  analyses  show  that 
the  water  of  wells  more  than  400  feet  deep  near  the  axis  between 
Dickersons  Ferry  and  Crows  Landing  is  salty  and  poor  in  quality,  it 
is  reasonable  to  conclude  that  wells  400  to  1,200  feet  deep  near  the 
axis  between  Crows  Landing  and  San  Joaquin  Bridge  will  also  yield 
salty  water.  A  similar  conclusion  regarding  500  to  1,000-foot  wells  10 
miles  or  more  east  of  the  river  in  Stanislaus  and  San  Joaquin.counties 
is,  however,  unjustifiable  by  the  data  at  hand.  It  is  possible  that 
fresh  water  may  be  encoimtered  between  those  depths  as  in  eastern 
Merced  and  Madera  counties,  but  no  assertion  to  that  effect  can  be 
made. 

mCBEASB  OF  MINEBAL  CONTENT  FBOH  SOT7TH  TO  NOBTH. 
GENERAL  CONDITIONS. 

Structurally,  San  Joaquin  Valley  is  a  trough  filled  with  silt  from 
the  surrounding  mountains.  The  groimd  waters,  following  the  gen- 
tle but  definite  slope,  percolate  toward  the  axis  and  then  follow  the 
&xis  northward.  They  dissolve  and  retain  in  solution  the  more 
r^^wlily  soluble  substances  with  which  they  come  into  contact,  »«^ 
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some  of  them  deposit  part  of  their  load  of  less  soluble  constituents. 
These  conditions  lead  to  belief  that  the  ground  water  gradually 
increases  in  mineral  content  as  it  progresses  northward,  or,  in  other 
words,  that  analyses  of  water  from  wells  of  equal  depth  should  indi- 
cate an  increase  of  mineral  content  from  south  to  north.  It  is  the 
piupose  of  this  section  to  show  how  far  the  results  of  the  tests  sup- 
port that  belief. 

Plate  V  shows  graphically  the  amoimt  of  mineral  matter  in 
ground  waters  in  different  parts  of  the  valley.  Averages  of  analy- 
ses grouped  by  depth  of  wells  have  been  used  for  the  east  side  in  order 
that  the  changes  from  coimty  to  county  might  be  more  clearly 
shown,  but  the  results  of  individual  tests  have  been  plotted  in  the 
axis  because  the  total  soUds  there  are  so  divergent.  The  only 
feasible  grouping  of  analyses  on  the  west  side  is  by  location.  The 
length  of  the  blocks  indicates  the  amount  of  total  solids  and  the 
shading  indicates  the  depth  of  the  wells.  For  the  purposes  of  this 
diagram  it  has  been  convenient  to  accept  the  boundaries  indicated 
by  A'A'  and  C'C  in  Plate  II  (in  pocket)  as  the  limits  of  the  resp>octive 
areas. 

The  diagram  as  a  whole  shows  simply  and  forcibly  the  relations 
between  location,  depth,  and  mineral  content  of  the  ground  waters. 
The  east-side  waters,  low  in  mineral  content,  are  remarkably  uniform 
in  quaUty  down  to  a  certain  depth.  The  west-side  waters  are  much 
more  highly  mineralized  and  are  differentiated  from  each  other  prin- 
cipally by  their  distance  from  the  foothills.  The  axial  waters, 
extremely  variable  in  character,  are  influenced  by  east-side  and 
west-side  waters  and  by  soluble  constituents  in  local  sediments. 
The  relations  represented  diagrammatically  hi  Plate  V  explain  several 
apparently  inconsistent  conditions  of  quahty. 

Briefly,  the  data  establish  that  a  progressive  increase  in  the  min- 
eral content  of  the  deep-seated  underground  drainage  takes  place, 
especially  near  the  axis  of  the  valley.  No  such  relation  exists  in  re- 
spect to  the  shallow  waters,  however,  even  near  the  median  line  of  the 
trough,  where  the  influence  would  be  most  clearly  evident. 

DEEP   WATERS. 

Analyses  of  water  from  weUs  more  than  1,100  feet  deep  show  a 
definite  increase  in  mineral  content  from  south  to  north  proportionate 
to  the  increase  in  alkalies  and  chlorine;  that  is,  the  waters  become 
more  salty  toward  the  outlet  of  the  valley.  Wells  on  the  east  side 
of  Kern,  Kings,  and  Tulare  coimties  from  1,100  to  2,000  feet  deep 
yield  excellent  water  averaging  about  200  parts  per  million  of  total 
soUds.  The  water  of  the  1,200-foot  weU  m  sec.  2,  T.  17  S.,  R.  18  E. 
is  moderate  in  sohds  and  in  chlorine;  the  salty  water  of  the  1,310- 
foot  well  in  sec.  32,  T.  11  S.,  R.  18  E.  contains  more  than  three  times 
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as  much  mineral  matter;  and  the  waters  that  were  tested  from  wells 
more  than  1,100  feet  deep  in  San  Joaquin  County  average  5,200  parts 
per  million  in  mineral  content.  These  data  indicate  a  decided  north- 
ward increase  beginning  in  Fresno  County  in  the  mineral  content  of 
the  deep  waters,  a  conclusion  that  is  corroborated  by  the  few  available 
tests  of  deep  ground  waters  in  the  axis.  The  2,250-foot  well  in  sec. 
14,  T.  18  S.,  R.  18  E.,  included  among  the  axial  waters,  yields  poor 
water,  and  the  1,200-foot  well  at  French  Camp  furnishes  a  supply 
comparable  with  the  deep  waters  at  Stockton. 

OCCLUSION   OF   SEA    WATER. 

Though  it  has  been  suggested  that  this  increase  of  solids,  represent- 
ing increase  of  chloride  and  alkali,  is  evidence  of  the  occlusion  of  sea 
water  within  the  deep  sediments,  the  composition  of  the  waters  makes 
this  improbable.  Sea  water  contains  33,000  to  37,000  parts  per  mil- 
lion of  mineral  matter  in  solution,  while  the  water  of  a  1,786-foot 
well  at  Stockton  contains  4,700  parts,  that  of  a  2,500-foot  well  at 
Stockton  7,489  parts,  and  that  of  the  1,200-foot  well  at  French  Camp 
only  3,000  parts.  Besides  this  striking  diflFerence  in  concentration 
the  figures  in  table  27  prove  that  the  composition  of  the  mineral  mat- 
ter is  also  entirely  different  from  that  of  sea  water.  The  analysis  of 
water  from  the  2,600-foot  gas  well  at  Stockton  has  been  selected  for 
comparison  because  it  is  the  strongest  water  and  because  as  much  as 
possible  of  the  upper  fresh  waters  has  been  excluded*.  Even  if  the 
deep  water  had  been  diluted  through  a  leaky  casing  the  composition 
of  it  coidd  not  have  been  so  radically  changed  from  that  of  sea  water. 

Table  27. — Comparison  of  the  composition  of  water  from  a  gySOO-foot  well  at  Stockton 

with  thai  of  sea  water, 

(Peroentage  of  anhydrous  residue.] 


Constitueots. 


81U»(8IO,) 

Cakiam(Ca) 

M«n«inm(Mg) 

Sookm  and  potassJum  (Na+K). 

Cvboi»teradide(COa) 

^phate  radicle  (BO «) 

OdorineCCl) 


StUnity  (parts  per  miUion).. 


Ooean.^ 


1.20 

8.72 

31.70 

.21 

7.eo 

55.29 


33, 010  to  37, 370 


«saica  Dot  determined.    Estimated  for  purposes  of  computation  as  50  parts.    Analysis  by  F.  M.  Eaton, 

^Average  of  analyses  by  Dittmar;  quoted  by  Clarke,  F.  W.,  The  data  of  geochemistry:  U.  S.  Oeol.  Sur- 
^  BoU.  616,  p.  m,  1916.    Minor  ingredients  omitted. 

These  waters  are  similar  only  in  that  they  are  both  strong  solutions 
of  sodium  chloride.  The  ratio  (1  to  3.3)  between  the  amounts  of 
calcium  and  magnesium  in  the  well  water  is  that  of  ordinary  ground 
water  and  is  the  reverse  of  that  in  sea  water  (3.1  to  1).  This  funda- 
mental difference  and  the  imdoubted  absence  of  any  appreciable 
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quantity  of  sulphate  in  the  well  waters,  whereas  the  residue  of  ocean 
water  contains  nearly  8  per  cent  of  sulphate,  makes  it  entirely  im- 
probable that  the  saline  character  of  the  deep-seated  supplies  is  due 
to  the  retention  of  ocean  water  within  the  valley  sediments.  It  is 
more  reasonable  to  believe  that  the  salt  represents  an  accumulation 
derived  from  the  silts  through  which  the  water  has  very  slowly 
passed. 

SHALLOW   WATERS. 

Waters  from  wells  400  to  1,100  feet  deep  in  the  axis  of  the  valley 
increase  from  south  to  north  in  mineral  content,  but  on  the  east  side 
waters  from  wells  of  similar  depth  are  slightly  mineralized  and  are 
much  alike  in  composition  irrespective  of  their  position.  Shallower 
waters  show  great  local  diversity  of  composition  in  the  east  side  and 
in  the  axis.  No  regular  relation  holds  for  supplies  of  this  class,  and 
their  quality  is  predictable  only  from  local  tests. 

On  the  west  side  local  conditions  determine  the  quality  of  ground 
waters,  in  which  no  regular  increase  of  mineral  content  from  south 
to  north  is  apparent.  The  mineral  content  of  waters  on  the  west 
side  is  highest  in  Fresno  County,  and  it  decreases  northward,  rising 
somewhat  near  the  foothills  in  San  Joaquin  County.  The  total  solids 
of  ground  waters  near  the  west  shore  of  Tulare  Lake  are  less  than 
those  of  suppUes  in  Fresno  Coimty,  but  it  is  unknown  whether  that 
condition  prevails  in  the  west  side  of  Kern  County. 

BBLATIOK  OF  DEPTH  TO  MINEBAL  CONTENT. 

It  is  a  fairly  prevalent  beUef  that  the  deeper  a  well  goes  the  greater 
is  the  mineral  content  of  its  water.  Yet  a  Uttle  thought  establishes 
the  unreasonableness  of  such  general  assumption,  and  a  ciursory 
review  of  analytical  data  is  sufficient  to  prove  the  fallacy  of  it.  The 
mineral  content  of  a  ground  water  depends  primarily  on  the  kind  of 
rock  with  which  it  comes  into  contact,  and  its  chemical  composition 
at  any  stage  in  its  progress  teUs  the  main  facts  of  its  history.  Pres- 
sure, temperature,  and  duration  of  contact,  the  physical  structure  of 
the  rocks,  and  the  nature  of  substances  previously  dissolved  in  the 
water  influence  the  extent  and  the  maimer  in  which  minerals  are 
acted  on  by  the  solvent,  but  the  effect  of  these  conditions  is  sub- 
ordinate to  that  of  the  chemical  composition  of  the  rocks  themselves, 
which  is  the  chief  determining  factor  of  the  mineral  content  of  ground 
water.  It  is  therefore  not  at  all  rare  to  find  deep  waters  better  than 
shallow  ones.  Many  wells  1,000  to  3,000  feet  deep  in  sedimentary 
rocks  penetrate  strata  yielding  widely  different  kinds  of  water,  but 
without  any  relation  to  depth  except  in  so  far  as  depth  has  reference 
to  the  character  of  the  rocks  that  contain  the  supplies.  Indeed,  these 
facts  are  so  nearly  self-evident  that  it  would  be  needless  to  state  them 
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if  belief  in  a  general  relation  between  depth  and  quality  were  not  so 
frequently  expressed. 

Differences  in  the  quality  of  water  from  various  depths  can  be 
detected  in  almost  every  locality  in  San  Joaqum  Valley,  but  they 
are  not  regular  and  can  not  be  widely  generalized.  Nearly  all  the 
best  waters  on  the  east  side  are  produced  by  wells  200  to  1,000  feet 
deep.  They  are  generally  good  for  irrigation,  fair  for  boiler  use,  and 
entirely  acceptable  for  domestic  supply.  On  the  east  side  it  is  not 
unusual  to  find  the  water  from  wells  10  to  30  feet  deep  much  harder 
than  that  from  deeper  weUs.  Similar  greater  mineral  content  of 
shallow  waters  from  glacial  deposits  derived  from  calcareous  forma- 
tions in  the  Central  States  has  been  noticed,  and  it  is  probably  due 
to  more  rapid  mechanical  disintegration  of  the  layers  nearest  the 
surface  and  to  greater  abimdance  of  solvents  like  carbon  dioxide  in 
the  upper  waters. 

(je(^aphical  location  has  more  influence  than  depth  on  the  mineral 
content  of  well  waters  on  the  west  side  a  few  miles  from  the  river,  for 
the  differences  of  composition  among  the  waters  at  various  depths 
are  not  so  great  proportionately  as  on  the  east  side. 

The  relations  between  depth  and  quality  are  more  imcertain  along 
the  axis  than  in  any  other  part  of  the  valley.  For  example,  weUs  30 
to  100  feet  deep  in  Stevinson  Colony  yield  fresh  water  of  moderate 
mineral  content,  but  wells  more  than  300  feet  deep  yield  undesirable 
salt  water.  On  the  other  hand,  water  from  wells  less  than  100  feet 
deep  near  Tulare  Lake  is  highly  alkaline,  and  the  best  supplies  are 
obtained  from  wells  800  to  2,000  feet  deep. 

QT7ALITY  FOB  IBBIOATION. 

EAST-SIDE    WATERS. 

Almost  no  trouble  from  poor  quality  of  ground  waters  for  irriga- 
tion has  been  reported  throughout  the  east  side  of  the  valley,  and 
available  analyses  amply  confirm  the  results  of  experience  besides 
indicating  more  territory  into  which  this  appUcation  may  be  ex- 
tended. Wells  generally  throughout  the  east  side  yield  water  that  is 
*  good  or  fair  for  irrigation — the  supplies  may  be  used  year  after  year 
with  only  moderate  care  to  prevent  alkali  accumulation  due  to  the 
mineral  constituents  of  the  waters.  This  statement  should  be  sup- 
plemented by  the  warning  that  the  soil  in  many  sections  already 
contains  enough  alkali  to  interfere  with  cultivation  imder  ordinary 
conditions  and  that  water  of  any  quality,  no  matter  how  good,  can 
not  assist  in  producing  full  crops  on  such  areas  until  the  excess  of 
sodium  salts  in  the  groimd  has  been  removed  by  drainage  or  by  some 
other  means.  It  is  therefore  important  to  note  that  statements  re- 
garding the  quality  of  waters  for  irrigation  refer  only  to  the  action 
of  the  mineral  ingredients  of  the  waters  in  reducing  or  increasing  the 
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mineral  content  of  the  soil  solution.  On  the  other  hand,  notes  of 
the  actual  effect  of  the  waters  on  crops  involve  all  growing  conditions, 
such  as  the  nature  of  the  ground,  the  care  given  the  crops,  and  other 
features;  consequently  a  statement  that  crops  have  not  flourished 
after  having  been  irrigated  by  a  certain  water  does  not  necessarily 
imply  that  the  mineral  constituents  of  the  water  did  the  damage. 

The  best  waters  for  irrigation  on  the  east  side  are  furnished  by 
wells  200  to  1,000  feet  deep,  though  a  large  number  of  shallow  wells 
also  are  utilized.  Within  the  artesian  area  south  of  Kings  River 
water  from  wells  as  deep  as  1,600  to  2,000  feet  is  satisfactory  and  has 
been  used  on  crops.  North  of  Fresno  water  from  wells  more  than 
1,000  feet  deep  is  poor,  and  near  the  northern  end  especially  it  is  unfit 
for  irrigation.  Four  waters  that  were  tested  from  wells  1,200  to 
2,500  feet  deep  in  and  aroimd  Stockton  are  bad  because  they  are 
strongly  saline.  Tests  of  the  deep  wells  at  the  waterworks,  a  1,162- 
foot  well,  and  a  1,010-foot  well  near  Stockton  indicate  that  sodium 
replaces  calcium  as  the  predominant  base  at  a  depth  of  about  900 
feet  and  consequently  that  the  ground  waters  become  progressively 
poorer  from  that  depth  down  to  about  1,200  feet  where  the  salty 
supplies  are  struck.  So  few  deep  wells  could  be  tested  south  of  San 
Joaquin  Coimty  that  it  is  imcertain  how  far  southward  this  condition 
extends,  but  it  seems  reasonable  to  assume  that  it  is  general  over  the 
east  side  between  Stockton  and  Fresno. 

VTEST-SIDE   WATERS. 

Wells  are  being  pumped  for  irrigation  at  several  places  on  the 
west  side  of  the  valley,  and  continued  settlement  of  that  region  will 
imdoubtedly  result  in  greatly  increased  use.  The  groimd  waters  of 
the  west  side,  being  much  more  highly  mineralized  than  those  of 
the  east  side,  are  poorer  for  irrigation.  Few  of  those  that  were 
tested,  however,  are  so  bad  that  they  are  absolutely  unfit  for  use,  a 
fact  all  the  more  important  because  the  absence  of  perennial  streams 
and  other  surface  supplies  capable  of  being  stored  on  the  mountain 
slopes  makes  the  adoption  of  ground  supplies  a  necessary  feature 
of  utilizing  the  lands.  Though  the  mineral  content  of  the  waters* 
is  high,  the  principal  ingredients  away  from  the  axis  are  calcium, 
magnesium,  and  sulphate,  the  toxic  alkalies  being  relatively  low. 
Water  of  this  calcium  sulphate  type  can  be  appUed  to  land  without 
injury  at  far  greater  concentrations  than  are  allowable  for  sodium 
waters;  indeed,  calcium  sulphate  in  the  form  of  gypsum  or  *4and 
plaster"  is  often  spread  on  fields  to  neutralize  the  deleterious  effect 
of  black  alkali. 

Several  tracts  in  western  Fresno  Coimty  now  being  irrigated  by 
well  water  have  not  been  imder  cultivation  long  enough  fully  to 
demonstrate  the  value  of  the  waters,  but  siifficient  time  has  elapsed 
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to  make  it  apparent  that  selected  crops  under  proper  care  can  be 
raised.  The  results  at  the  pumpmg  stations  of  the  Pacific  Coast 
Oa  Co.,  where  lawns,  fruit  trees,  and  garden  truck  have  been  irri- 
gated for  several  years,  also  give  favorable  testimony  as  to  the 
feasibility  of  utilizing  the  west-side  waters. 

AXIAL   WATERS. 

Calcium  and  magnesiimi  are  the  predominant  bases  in  the  typical 
waters  of  both  sides  of  the  valley,  but  they  gradually  become  sub- 
ordinate toward  the  axis,  where  the  alkalies,  sodium,  and  potassium, 
occur  in  greater  quantity.  This  alteration  takes  place  more  or  less 
generally  within  the  limits  of  the  artesian  area,  and  it  is  practically 
complete  within  the  boundaries  indicated  by  lines  A'A^  and  B^B^ 
of  Plate  II.  Because  of  this  alteration  the  axial  waters  are  least 
desirable  for  irrigation,  and  further  development  of  irrigation  on 
both  sides  of  the  valley,  with  resultant  increase  of  the  more  readily 
soluble  constituents  in  the  groimd  supplies,  will  probably  make  the 
axial  waters  stiU  poorer  and  will  also  cause  greater  accumulation 
of  alkaU  there  in  the  soil.  This  probabiUty  that  the  axis  will  even- 
tuaDy  become  the  sewer  for  the  rest  of  the  valley  suggests  that  safe 
cultivation  of  the  ground  there  will  necessitate  the  construction  of 
dikes  and  underdrains  for  the  purpose  of  removing  the  alkali  and 
preventing  undue  rise  of  the  ground-water  level.  Water  from 
artesian  wells  1,400  to  2,000  feet  deep  close  to  the  present  shore  of 
Tulare  Lake  is  being  successfully  used  for  irrigating  alfalfa,  grain, 
and  other  crops,  but  many  wells  less  than  400  feet  deep  in  that 
region  yield  unsatisfactory  supplies.  Tests  of  water  from  wells 
300  to  600  feet  deep  in  Stevinson  Colony  indicate  that  the  water  is 
bad  for  irrigation,  and  attempts  to  usfe  it  in  crops  have  been 
unsuccessful.  It  is  imderstood  that  a  similar  failure  followed  use 
of  some  of  the  deep  waters  in  Jamesan  Colony. 

RESULTS  OP   USING  GROUND   WATERS. 

The  character,  mineral  content,  and  classification  of  some  supplies 
that  have  been  applied  to  crops  in  San  Joaquin  Valley  are  presented 
m  Table  28  in  order  to  give  a  general  idea  of  the  kinds  of  water  that 
are  available.  The  tests  have  been  grouped  for  convenience  under 
three  headings.  Reference  may  be  made  to  the  tables  of  assays 
(pp.  182-294)  for  information  regarding  the  value  of  other  local 
waters  for  irrigation.  The  quality  for  irrigation  has  been  computed 
from  the  analytical  data  and  it  is  followed  by  a  statement  regarding 
the  result  of  applying  the  waters  to  crops.  Where  no  information  is 
given  other  than  that  certain  cultiu-es  have  been  irrigated  it  may  be 
understood  that  those  cultures  have  been  irrigated  for  several  con- 
secutive years  without  apparent  ill  effect  due  to  the  quality  of  the 
water. 
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Table  28. — Types  of  ground  water  in  San  Joaquin  VaUey  and  their  value  for  irrigaiicn. 

EMliid«. 


Total 

aoUds 
(parts 

minton). 

Chemical 
character. 

gatlon. 

Results  of  use  in  irrigation. 

160 

C»CO»-.. 

Good.... 

Irrigates  alfalfa  and  sorghum. 

160 

...do 

...do 

Irrigates  alfalfa. 

180 

...do 

...do 

Irricrates  grapes. 

190 

...do 

...do 

Irri^';U€«  peachf^s. 

190 

...do 

...do 

iTi  1-  itos  j-Tapes  and  alfalfa. 

190 

...do 

...do 

It        ■        !V'«^. 

200 

...do 

...do 

II                  1  ;iarden  several  years. 

200 

...do 

...do 

Ir'            -  iiden. 

210 

...do 

...do 

1)0. 

230 

...do 

...do 

Irrigates  olive  trees. 

250 

...do 

...do 

Irriciitos  alfalfa. 

258 

...do 

...do 

Ir  ■    '  ■    ■'    iMLM'  frees. 

260 

...do 

...do 

H                  [  oranges  6  years. 

400 

...do 

...do 

Ir                  Wu. 

140 

Na<:0,-.. 

...do 

It                         irden,  and  fruit  trees. 

150 

...do 

...do 

H«»  ». .6-v^  ^^yea,  alfalfa,  and  garden  several  years. 

150 

...do 

...do 

Irrigates  alfalfa. 

160 

...do 

Fair 

Used  several  years  on  alfalfa. 

170 

...do 

...do 

Sucoessftilly  used  on  grapes  and  alfalfa. 
SuccessftiUy  used  on  alfalfa  and  flruit  trees. 

170 

...do 

...do 

200 

...do 

...do 

Irrigates  alfalfa. 

220 
230 
300 

...do 

...do 

...do 

...do 

...do 

...do 

Used  on  garden  truck  90  years  without  trouble. 
Irrigates  alfalfa. 

Irrigates  fig,  peach,  and  other  fiuit  trees. 
Used  generally  in  cjty  for  lawns  and  gardens. 

370 

...do 

...do 

390 

...do 

...do 

Do. 

2,000 

NarCl.... 

Bad..... 

Destructive  to  crops. 

Axis. 


372 

CarCO«.... 

Good.... 

130 

Na^Ot.... 

...do 

130 

...do 

...do 

130 

...do 

...do 

140 

...do 

...do 

140 

...do 

...do 

150 

...do 

...do 

170 

...do 

...do 

190 

...do 

...do 

190 

...do 

Fair 

200 

...do 

Good.... 

200 

...do 

Fair 

210 

...do 

...do 

218 

...do 

Good.... 

220 

...do 

Fair 

220 

...do 

...do 

260 

...do 

...do 

700 

...do 

Poor.... 

1,200 

...do 

Fair 

2,300 

...do 

Bad 

600 

Na^04.... 

Fair 

980 

...do 

Poor 

300 

Na-Cl 

Fair 

310 

...do 

...do 

670 

...do 

Poor.... 

810 

...do 

...do 

1,210 

...do 

...do 

1,600 

...do 

...do 

2,400 

...do 

Bad 

Irrigates  orange  trees. 

Irrigates  lawn  and  garden. 

Has  irrigated  alfalfa,  cabbages,  and  garden  track  18  years. 

Irrigates  lawn ,  garden ,  and  trees. 

Irrigates  grain  and  alfalfa. 

Irrigates  alfalfla. 

Used  several  years  on  alfalfa. 

Irrigates  orchard  and  garden . 

Used  3  years  on  alfalfa,  grapes,  and  peaches. 

Irrigates  garden  and  ftuit  trees. 

Irrigates  alfalfa. 

Used  on  alfalfa  several  years. 

Irrigates  melons,  grapes,  and  garden  track. 

Irrigates  alfalfa,  grapes,  and  garden  track. 

Irrigates  asparagus. 

Irrigates  alfalfa. 

Used  on  alfalfa,  garden,  and  orchard  to  some  extent  in  2 

years  without  bad  effect. 
Irrigates  garden. 
Kills  grass  around  well. 
Has  irrigated  vegetables  and  berries  8  years. 
Used  1  year  on  garden. 
Irrigates  alfalfa. 
Irrigates  wheat  and  alfalfa. 
Used  successfully  on  alfalfa. 
Said  to  kill  vegetation. 

Has  been  usea  on  grain  and  alfalfa.   Not  now  used. 
Garden  track  did  not  grow  well  when  irrigated  with  water. 

Tomatoes  grew  smaller  each  year. 
Tried  unsuccessfully  on  crops. 


West  Bide. 


410 

CarCOt.... 

Good.... 

Irrigates  lawn  and  trees. 

620 

NarSOi.... 

...do 

Irrigates  earden  and  small  fniit  trees. 
Irrigates  lawn  and  trees. 

050 

...do 

Fair 

1,600 

...do 

...do 

Has  Irrigated  wheat  and  barley  2  years. 

1,200 

Ca;S04.... 

Good.... 

Irrigates  lawn  and  trees. 

1,500 

...do 

...do 

Has  irrigated  alfalfa,  cotton,  and  garden  track  successfully 

for  1  year. 
Has  irrigated  barley  1  year. 

2.400 

...do 

Fair 
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The  data  in  Table  28  prove  that  the  nature  as  well  as  the  quality 
of  the  dissolved  matter  has  much  to  do  with  its  effect.  Waters 
containing  as  much  as  1,200  to  2,400  parts  per  miUion  of  total  solids, 
the  chief  constituents  of  which  are  calcium  and  sulphate,  have  been 
successfully  applied  to  cultures.  This  quantity  of  mineral  matter 
is  greater  than  the  maximum  considered  allowable  in  California 
under  the  ordinary  practice  by  Hilgard,'  who  evidently  has  alkali 
waters  especially  in  mind.  Continued  use  of  these  stronger  waters 
win  imdoubtedly  involve  careful  selection  of  crops  and  installation 
of  nnderdrainage  to  prevent  excessive  accumulation  of  alkali.  Many 
sodium  carbonate  or  black  alkali  waters  are  being  used  without 
apparent  trouble  near  the  center  line  of  the  valley,  but  they  are  all 
raUier  low  in  mineral  constituents,  total  solids  being  140  to  400 
in  the  best  waters  and  exceeding  800  parts  per  million  in  only  a  few. 
It  is  fortunate  that  the  deep  waters  east  of  Tulare  Lake  are  low  in 
mineral  matter,  as  they  belong  to  the  sodium  carbonate  class. 
The  calcium  carbonate  waters,  ranging  in  this  valley  usually  from 
150  to  400  parts  per  million  of  soUds,  can  be  used  without  any  tax)uble, 
and  they  are  classed  as  good  or  fair  for  general  irrigation. 

EFFECT   OF  COLD   WATER. 

The  slow  development  sometimes  reported  regarding  cultures 
irrigated  with  ground  water  on  the  east  side  may  be  caused  by  the 
low  temperature  of  the  water  when  it  reaches  the  feeding  rootlets,  a 
condition  that  is  undesirable  particularly  during  early  stages  of 
growth.  Cold  water  has  its  greatest  retarding  effect  when  it  is  appUed 
by  flooding  or  by  ''basin  irrigating,''  as  the  method  of  running  water 
into  shallow  pools  around  the  trunks  of  bushes  and  trees  is  known. 
When  the  water  is  applied  through  furrows  it  has  opportimity  to 
become  warm  before  it  reaches  the  dehcate  roots,  and  the  harmful 
consequences  of  low  temperature  are  thus  avoided.  The  same 
result  can  be  obtained  by  storing  the  suppUes  in  reservoirs,  though 
this  occasions  some  loss  by  evaporation.  It  is  customary  in  many 
districts  to  pump  into  reservoirs  during  the  day  and  to  distribute  the 
supply  during  the  night,  wh^en  the  loss  by  evaporation  is  less  and 
more  water  can  therefore  be  absorbed  by  the  ground,  which  also 
does  not  bake  so  badly  on  the  surface  after  the  downward  percola- 
tion. The  chill  is  taken  from  the  water  dining  this  storage  and  sub- 
sequent damage  is  obviated. 

1  Hf^BTd,  E.  W.,  SoUb,  p.  MS,  The  MacnUUui  Co.,  New  York,  190a. 
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QUALITY  FOB  INDT7STBIAL  USB. 
INDUSTRIAL  DEVELOPMENT. 

Two  transcontinental  lines  traverse  the  valley  from  end  to  end, 
comprising,  with  their  branches  and  some  shorter  sj^tems,  about 
1,400  miles  of  track,  along  which  the  consumption  of  water  by  loco- 
motives is  over  3,000,000  gallons  a  day.  Most  of  this  mileage  is  on 
the  east  side  of  the  valley,  where  the  best  wateis  for  boiler  use  are 
foimd,  but  two  or  three  lines  already  enter  the  west  side,  and  agri- 
cultural development  there  will  soon  necessitate  more  extensive  trans- 
portation facilities.  The  numerous  wineries  in  the  vineyard  dis- 
tricts, particularly  around  Stockton  and  Fresno,  use  large  quantities 
of  water  for  steam  making  and  for  washing  vats  and  bins.  loe  fac- 
tories are  operated  in  the  larger  cities,  where  laundries  and  breweries 
also  are  important  consumers. 

EAST-SIDE  WATERS. 

The  ground  waters  of  the  east  side  are  generally  suitable  for  boiler 
use  without  purification.  As  they  belong  mostly  to  the  calcium 
carbonate  type  and  contain  practically  no  sulphate  and  rarely  much 
chloride,  they  arc  not  likely  to  foam  or  to  be  corrosive.  The  quan- 
tity of  scale-forming  ingredients  ranges  from  90  to  300  and  of  foam- 
ing ingredients  from  practically  nothing  to  250  parts  per  million. 
The  supplies  are  generally  good  or  fair  for  boiler  use,  form  a  soft  scale, 
and  do  not  require  boiler  compoimds. 

Table  29  contains  a  summary  of  tests  of  east-side  industrial  sup- 
plies particularly  in  reference  to  boiler  use.  The  softest  supplies  sup- 
plies almost  everjrwhere  on  the  east  side  are  obtained  from  wells  200 
to  1,000  feet  deep.  Water  from  many  wells  less  than  60  or  60  feet 
deep  contains  more  scale-forming  matter  than  that  from  deeper  wells, 
and  it  is  therefore  less  desirable  for  industrial  use.  This  oondition 
may  be  demonstrated  by  comparison  of  analyses  at  Stockton,  Merced, 
Fresno,  and  Tulare,  and,  though  it  is  not  invariable,  it  is  near  enough 
so  to  make  it  worth  while  to  investigate  the  quality  of  deeper  waters 
before  extensive  industrial  development  is  undertaken  in  imexplored 
localities.  Wells  more  than  1 ,200  feet  deep  at  Stockton,  French  Camp, 
and  Madera  yield  salt  water  unfit  for  boiler  use,  and  all  wells  of  that  or 
greater  depth  on  the  east  side  as  far  south  as  Fresno  will  probably 
yield  bad  water.  Wells  of  the  same  depth  in  Tulare  County,  how- 
ever, yield  supplies  that  are  very  low  in  scale-forming  ingredients, 
noncorrosive,  and  low  enough  in  foaming  constituents  to  be  classed 
as  good  or  fair  for  boiler  use.  Some  ground  waters  on  the  east  side, 
more  commonly  shallow  ones,  contain  enough  iron  to  make  them 
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industrially  undesirable.  This  type  of  water  is  avoidable,  however, 
and  water  of  acceptable  quality  may  be  obtained  nearly  everywhere 
on  the  east  side. 

WEST-SIDE    WATERS. 

The  west-side  suppUes  are  very  hard  calcium  sulphate  waters. 
They  form  hard  refractory  scale  in  boilers,  and  many  of  them  are  cor- 
rosive, and  consequently  as  a  class  they  are  undesirable  for  boiler  use. 
The  most  highly  mineralized  sources  were  f oimd  in  the  west  side  of 
Fresno  County  and  in  the  south  part  of  western  Merced  County.  It  is 
understood  that  very  bad  boiler  waters  also  are  encoimtered  west  of 
Buttonwillow  in  Kern  County.  Few  of  the  waters  used  in  boilers  on 
the  west  side  belong  in  the  calcium  sidphate  class,  for  most  of  them 
are  near  enough  to  the  axis  to  be  predonunant  in  alkalies.  In  order 
to  avoid  confusion,  however,  those  from  wells  in  the  territory  west 
of  the  boundary  indicated  by  A'A'  in  Plate  II  have  been  entered  in 
Table  29  as  west-side  waters. 

The  quantity  and  hardness  of  the  scale  produced  generally  by  west- 
side  waters  are  such  that  softening  is  necessary  before  introduction 
of  the  waters  into  boilers.  The  Southern  Pacific  Co.  treats  300,000 
to  350,000  gallons  of  water  daily  at  Tracy  and  about  30,000  gallons 
at  Westley,  and  avoids  the  use  of  ground  water  at  Los  Bancs,  Fire- 
baugh,  and  Mendota  by  pumping  from  San  Joaquin  River.  The 
water  at  Tracy  is  treated  with  lime  and  soda  ash  in  a  cold-water 
softening  plant,  about  two-thirds  of  the  incrusting  matter  being 
removed.  The  supply  at  Westley,  fairly  high  in  incrustants  and  in 
foaming  constituents,  is  softened  by  means  of  lime,  the  sludge  being 
dumped  on  the  groimd  near  the  tanks.  The  supply  at  the  ice  factory 
of  the  Newman  Light  and  Power  Co.  at  Newman  gives  a  large  amoimt 
of  hard  scale  even  after  having  been  passed  through  an  open  heater 
with  a  filtering  attachment.  Though  the  railroad  supply  at  that 
place  is  much  lower  in  incrustants  it  contains  nearly  as  great  quantity 
of  foaming  iogredients,  and  the  city  water  is  hke  the  railroad  supply. 
Experience  at  the  pumping  stations  along  the  pipe  line  of  the  Pacific 
Coast  Oil  Co.  is  valuable  not  only  in  showing  the  normally  poor 
quality  of  the  west-side  waters  for  boiler  use  but  also  in  demonstrating 
how  much  can  be  done  to  improve  them  by  scientific  treatment. 
The  pipe  line,  after  entering  the  west  side  a  few  nules  north  of  Tulare 
Lake,  traverses  it  from  south  to  north  at  a  distance  of  5  to  10  miles 
from  the  axis.  Most  of  the  boiler  supplies  along  the  line  are  of 
sodium  sulphate  character — that  is,  sodiium  and  sulphate  are  the 
chief  ingredients,  but  the  waters  also  contain  much  calcium  and  mag- 
nesimn.  This  makes  them  capable  of  forming  considerable  hard 
scale  and  of  foaming  when  they  are  concentrated;  altogether  they 
98205^— W8P  398—16 9 
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range  from  poor  to  very  bad  for  boiler  use  in  the  raw  state.  It  is 
general  practice  at  the  pumping  stations  to  remove  a  lai^  part  of 
the  incrusting  matter  by  treating  the  supplies  with  soda  ash  in  open 
heaters.  The  tendency  to  foam  is  increased  in  proportion  to  the 
quantity  of  soda  ash  added,  but  trouble  from  that  source  is  obviated 
by  frequent  blowing  off.  The  boilers  are  cleaned  r^ularly  every 
three  weeks  or  of  tener,  and  this  attention  coupled  with  the  preliminary 
treatment  makes  it  possible  to  utilize  the  waters  without  trouble  or 
danger.  The  waters  still  farther  west,  however,  are  generally  much 
higher  in  incrustants,  and  many  of  them  are  so  hard  that  they  could 
not  be  rendered  fit  for  use  by  any  treatment  except  distillation. 

AXIAL  WATEKS. 

Excellent  supplies  for  boilers  can  be  obtained  from  deep  weDs 
between  Tulare  Lake  and  the  city  of  Tulare  in  Kings  and  Tulare 
coimties.  Several  waters  near  Corcoran  and  Angiola  produce  almost 
no  scale  and  can  be  strongly  concentrated  without  trouble  from 
foaming  or  corrosion. 

RESULTS   OP  USING  GROUND   WATERS. 

The  more  important  facts  in  reference  to  the  industrial  suppUes 
of  the  valley  are  summarized  in  Table  29.  More  complete  details 
of  the  analyses  can  be  obtained  from  the  analytical  tables  (pp.  182- 
294).  The  analyses  have  been  grouped  for  oonvenience  under  three 
headings  and  by  chemical  character. 
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Table  29. — Some  indtutrial  water  supplies  in  San  Joaquin  VaUey. 
[Parts  per  mUlian  except  as  otherwise  designated.] 


Scale- 
S^d? 

€Btt(S). 

III 

Proba- 
bility 
of  cor- 
rosion 
(c).« 

Character 
of  water. 

Quality 

for 
bollera. 

Remarks. 

140 

10 

N.C. 

Ca<JO«.... 

Fair 

Used  hi  wine  making  and  in  boilers.    Wash 
boilers  once  a  week  and  get  soft  sludge. 
No  compound  used. 

90 

40 

N.C. 

...do 

Good 

Used  hi  boilers. 

116 

40 

N.C. 

...do 

Fair 

Used  hi  beer  maUng  and  hi  boilers.    Some 

compotmd  used. 
Used  hi   wine  makins  and   hi   boilers. 

Clean   boflers  once  In   3  months.    A 

130 

40 

N.C. 

...do 

...do 

little  sludge  removed.    Blow  one  gage 

in  24  hours.    Use  sldmmer.    No  oom- 

pound  used. 

135 

50 

N.C. 

...do 

...do 

Locomotive  supply. 

Boiler  supply.    Clean  boilers  once  a  week, 
getting  7  to  8  pounds  hard  scale  and  some 

UO 

40 

N.C. 

...do 

Good 

sludge     No  compound  used.      ^ 

100 

20 

N.C. 

...do 

Fair 

Distilled  lor  ice  makhig.    Little  ^dge  hi 
boilers.    Practically  no  scale  on  atmos- 
pheric condensers  in  4  months. 

136 

80 

N.C. 

...do 

...do 

Locomotive  supply. 

165 

60 

r 

...do 

...do 

Do. 

100 

10 

T 

...do 

Good 

Distilled  for  ice  makhig.    Little  sludge. 

190 

90 

T 

...do 

Fair 

Locomotive  supply. 

300 

30 

T 

...do 

Poor 

Do. 

aoo 

140 

T 

Ca-S04.... 

Fair 

Do. 

300 

160 

T 

...do 

Poor 

Do. 

oo 

30 

N.C. 

Na<?0,... 

Good 

Do. 

100 

80 

N.C. 

...do 

Fair 

Boiler  supply.    Qean  every  3  weeks.    Egg- 

used;  blow  one-half  gage  two  or  three 

times  each  shift. 

106 

100 

N.C. 

...do 

...do 

Locomotive  supply. 

40 

250 

N.C. 

NarQ 

...do 

Do. 

Axis. 

70 

70 
70 
50 

80 

80 
180 
70 

N.C. 

N.C. 
N.C. 
N.C. 

Na<?0,... 

...do 

...do 

Na^ 

Good 

...do 

Fah^ 

Good 

Boiler  supply.    Practically  no  scale.    No 

treatment;  no  corrosion.    Blow  once  in  24 

hours. 
Boiler    supply.     Cochrane    heater.     No 

chemicals.    Practically  no  scale. 
Used  hi  1,250  H.  P.  boUers.    No  scale;  no 

pitting. 
BoUer  supply.    No  trouble;  no  treatment. 

West  aide. 


aeo 

90 

T 

Ca^JO,.... 

Boiler  supply.    Use  soda  ash  and  Cochrane 
heater.    Boilers  cleaned  every  3  weeks. 

700 

270 

C. 

Ca^O*.... 

Very  bad. 

Blow  2  gages  every  12  hours. 
Boiler  supply.    Use  soda  ash  and  Cochnme 
heater. 

400 

350 

7 

Na-804.... 

Bad 

Boiler  supply.    Boilers   cleaned   once   a 
month.    SoBAe  hard,  britUe,  about  tV  hich 

thick.  Blow  1  gage  every  24  hours.  Soda 
treating  plant  being  installed. 
Locomotive  supply.   Cold  water  softener 
with  lime  and  soda  ash  used. 

350 

230 

? 

...do 

Poor 

260 

840 

? 

...do 

Very  bad.. 

Boiler  supply.    Use  soda  ash  and  Cochrane 
heater.    Clean  every  18  days.    Get  60  to 

70  pounds  eggshell  scale. 

135 

1,000 

N.C. 

...do 

...do 

Boiler  supply.    Use  soda  ash  and  Cochrane 
heater.    Scale  thhi,  but  hard  and  tough. 

230 

790 

N.C. 

...do 

...do 

BoUer  supply.    Treated  with  soda  ash. 

160 

380 

T^.C. 

...do 

Bad 

Boiler  supply.    Use  soda  ash  and  Cochrane 
heater.   Clean    every    3    weeks.    Blow 

once  a  day. 
BoUer  supplv.   Use  soda  ash  and  Cochrane 
heater.   Clean  once  in  3  weeks.    Blow 

105 

500 

N.C. 

...do 

Very  bad.. 

twice  in  24  hours. 

500 

660 

? 

Na-a 

...do 

Distilled  for  ice  making.    Open  heater  and 

compoimd.    Large  amount  of  hard  scale. 

•  N.C.^Noncorrosive;  Ci-oorrosive;  7» corrosion  uncertain  or  doubtful. 
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aXTALITY  FOB  DOXBSTIO  USE. 
DEPTH  AND  POSITION   OP  POOR  SUPPLIES. 

Wells  more  than  1 ,200  feet  deep  in  and  near  Stockton  yield  saltwater 
unsuitable  for  domestic  use,  and  though  the  available  information  indi- 
cates that  the  salinity  decreases  southward  all  wells  1,200  feet  or 
more  in  depth  as  far  south  as  Fresno  probably  yield  salty  water. 
Though  some  shallower  supplies  on  the  east  side  of  the  vfdley  are 
moderately  hard  they  are  not  excessively  so,  and  they  are  generafly 
acceptable  for  domestic  use. 

Water  fit  to  drink  can  not  be  obtained  from  wells  close  to  the  foot- 
hills in  the  southwest  part  of  Kern  Coimty  and  at  some  places  in 
western  Fresno  County.  The  highly  gypsiferous  waters  of  western 
Fresno  Coimty  can  not  be  used  for  cooking  v^etables  and  they  are 
nauseating  to  some  persons.  With  the  exception  of  these  areas,  how- 
ever, potable  groimd  water  can  be  obtained  from  wells  throughout 
the  west  side.  They  are,  as  a  rule,  very  hard,  and  the  traveler  who 
is  not  accustomed  to  drinking  alkah  water  can  readily  notice  the  dis- 
tinct taste  of  the  supplies  west  of  San  Joaquin  River.  They  are  not 
injurious,  however,  except  in  the  locaUties  just  mentioned,  and  many 
of  the  strongly  mineralized  ones  have  been  used  without  harm  for 
several  years. 

All  the  artesian  waters  north  of  Lemoore,  except  those  containing 
enough  chloride  to  be  salty,  are  suitable  for  domestic  use.  The  loca- 
tion of  the  chloride-bearing  waters  and  the  extent  of  the  areas  likely 
to  yield  such  suppUes  are  discussed  on  pages  117-119.  Water  from 
some  woUs  less  than  300  feet  deep' close  to  Tulare  Lake  is  too  strongly 
impregnated  with  ])lack  alkali  to  be  potable.  A  few  waters  just 
south  of  Lemoore  are  highly  colored  and  have  a  pecuUar  taste,  proba- 
bly because  of  percolation  through  buried  peat  or  other  vegetable 
matter.  The  deeper  supphes  around  Tulare  Lake  are  exceptionaDy 
soft  and  low  in  all  mineral  ingredients  and  they  are  very  good  for 
domestic  use. 

POSSIBIUTY   OF   POLLUTION. 

The  close-grained  texture  of  the  silt  dei>osit8  in  San  Joaquin  Val- 
ley, the  consequent  slow  movement  of  the  groimd  waters,  and  the 
general  practice  of  boring  wells  and  casing  them  form  effectual  safe- 
guards against  pollution  by  surface  drainage  or  seepage  from  privies 
and  cesspools  a  reasonable  distance  away.  Dug  wells,  so  often  ex- 
posed to  contamination,  form  a  small  proportion  of  the  domestic 
supplies  because  of  the  uncertainty  of  obtaining  sufficient  water  at 
the  shallow  depths  to  which  such  wells  can  be  sunk.  If  bored  weUs 
are  constructed  with  care  to  insure  tight  casings  to  a  depth  of  40  or 
50  feet  and  if  the  collection  of  stagnant  water  or  filth  around  the  top 
of  the  casing  is  prevented,  there  is. little  danger  of  pollution. 
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MUNICIPAJ.   SUPPLIES. 

(Sties  on  the  west  side  near  San  Joaquin  River  could  avoid  troubles 
incident  to  the  use  of  hard  ground  water  and  could  more  readily 
attract  prospective  manufacturers  by  drawing  from  San  Joaquin 
Rrver  and  its  eastern  tributaries.  Such  surface  supplies  would,  of 
course,  have  to  be  filtered,  for  the  streams  are  subject  to  pollution 
by  general  infiltration,  some  sewage,  and  drainage  from  irrigated 
lands,  but  purification  would  be  comparatively  simple,  and  the 
resulting  water  would  be  clear,  colorless,  and  tasteless  and  extremely 
low  in  alkalies  and  hardness.   * 

Almost  all  the  cities  of  the  valley  are  supplied  with  groimd  water. 
Hie  composition  of  the  supplies  of  which  analyses  are  available  is 
given  in  Table  30. 

Table  30. — Chemical  composition  of  some  municipal  water  supplies  in  San  Joaquin 

Valley. 

(Parts  per  mfllion  except  as  otherwise  designated.] 


city. 

Cotmty. 

Depth 
ofweU 
(«»t). 

Silica 
(SiOO. 

Iron 
(Fe). 

Cal- 
cium 
(Ca). 

IfogMH 

Stum 
(Mg). 

Sodium 
and 
potas- 
sium 

(Na+K). 

Car- 
bonate 
radicle 
(CO,). 

Bicar- 
bonate 
radicle 
(HCO,). 

*H>w«h. 

Tulare 
Kings. 
Tolaro 
do. 

2,000 

1,000 

278 

100 

""m 

Tr. 
9 
0 
0 

T," 
0 

0 

0 
0 
0 
0 
0 
0 
0 

266 

Coitoran 

99 

M^hft 

164 

Eatsr. 

639 
660 

26 
28 

9 
11 

82 
26 

144 

Udl 

San  Jot 
Fresno 
Stanial] 
do. 

iqain.. 

MIS..... 

130 

iSdrti::     ::.. 

147 

ModKto..: 

650 

0.40 

88 
66 
27 

10 
87 
12 

68 
a238 
13 

110 

KfFBttll 

f     396 
\     398 

180 

nA^Jtt 

do 

120 

PortHBvffle. 

Tnlaie 
San  Jos 
do. 

200 

I 

800 

200 

BlQektoD 

Mjnln... 

"Vis 

57 
616 

.12 
"".'63' 
'**'.*26* 

17 
23 
6.1 
14 
29 

7.0 
11 
7.2 
1 
4.0 

086 
84 
89 
24 

0I8 

205 

Do 

242 

Do 

Tatae^ 

do. 

Tnlaie 
do. 

210 
90 

Do 

122 

City. 

Sol- 
phate 
radicle 

Ohio, 
rine 

(a). 

Total 
liard- 
nessa^ 
ObCO,. 

Total  !( 
solids.  ( 

[Chemical 
iharacter. 

Analyst 

Date. 

AlpHigh 

5 

Tr. 

Tr. 
U 

7 
430 

3 
125 
14 

Tr. 

0 

6 

7.1 

3 
14 

180 

15 

40 

27 

36 

76 
127 
389 

20 

20 

64 

50 

35 
8 
9.0 

154 

29 

148 

a  100 

a  115 

83 

al35 

a  310 

a  115 

160 

a71 

a  105 

«45 

040 

aw 

a560 
a  180 
a260 

215   . 

236   . 
0  910 

344 
1,016   . 

175 
o250   . 

350 

349   . 

306   . 

Ill    . 

174 

Nara... 
Na-CO,. 
CapCO,.. 

..do 

..do 

R.B.] 
do 

Dole 

Nov.  25,1910 
Nov.  22,1910 

cwoS;::::::::: 

Dteoba....:     .... 

do 

Nov.  18,1910 

SSr.: 

Southern  Padfi 
do 

cCo 

Dec.  29,1904 

LodU 

May    4,1908 
Nov.    1,1910 

ifcoditoi:; 

Na-S04. 
Na-Cl... 

..do 

Ca^O,.. 

..do 

Na-CO,. 

..do 

..do 

..do 

Ca-CO,.. 

R.  B.] 
Southe 
F.M.] 
Southe 
R.  B.  ] 
F.M.] 
D.  B.  ] 
WaltoL 

Dole 

ModBrto.:::::::... 

mPMlfl 
Saton... 

cCo 

July  —,1900 
Oct.   13,1910 

Ktwman. 

otkdaie.:::::::::: 

mPacifl 
Dole.... 

cCo 

Oct.  —,1900 

PfftenriOe  .    ..  . 

Nov.  21, 1910 

Sloekton 

Eaton 

Sept.  18, 1910 

Do 

Bisbee - 

Deo.    3  1904 
Oct.     1,1910 

Do... 

1  Vftn  W 

faikle 

Totae...  :  ::: 

Southern  Pacifl 

cCo 

Apr.    2,1902 

Nov.  14.1010 

Do.: 

F.M.] 

Saton . . . 

o(3oinpnted. 

6  Including  oxides  of  iron  and  aluminum. 

c  Rlevan  woUs  at  main  pumping  station  200  to  1,100  feet  deep. 

<  Fourteen  wells  800  to  1,000  lieel  deep;  water  between  200  and  1,000  feet. 

«  Four  wells  at  elactrio  pumping  station,  Monroe  and  Poplar  streets,  665  to  075  feet  deep. 

/Depth not  giTBo;  onoertHin  whether  this  is  from  400  or  800  foot  wells. 
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The  city  supply  of  Bakersfield  is  taken  from  shallow  wells  near 
Kern  River.  Madera,  Selma,  and  Visalia  also  are  supplied  from 
wells.  Water  from  Merced  River  is  used  in  the  city  of  Merced.*  No 
analyses  of  the  city  supply  of  Fresno,  which  is  procured  from  deep 
wells,  are  available,  but  other  wells  in  Fresno  and  vicinity  yield  soft 
or  moderately  hard  calcium  carbonate  water,  clear,  tastdess,  and 
entirely  acceptable  in  reference  to  its  mineral  content  for  domestic 
use.  The  municipal  supply  of  Los  Banos  is  taken  (1910)  from  an 
irrigation  ditch  within  the  city  limits.  The  water  is  passed  through 
successive  beds  of  coarse  gravel,  fine  gravel,  and  charcoal  at  an  exces- 
sive rate  that  precludes  proper  purification. 

HISCELLANEOTJS  ANALYSES. 

ANALYSES  BY  THE  CALIFORNIA   EXPERIMENT  STATION. 

Table  31  has  been  compiled  from  reports  of  the  Agricultural  Ex- 
periment Station  of  the  University  of  California  for  1897-8,  1898- 
1901  (Part  II),  1901-3,  and  1903-4,  and  from  ''Alkali  lands,  irrigation, 
and  drainage  in  their  mutual  relations,''  by  E.  W.  Hilgard,  an  appen- 
dix to  the  report  for  1890.  The  analyses  were  reported  in  such  form 
that  it  is  impracticable  to  resolve  them  into  ionic  form  for  incorpo- 
ration in  other  tables  of  analyses,  and  they  are  therefore  published  in 
original  form,  except  that  the  figures  have  been  converted  from  grains 
per  United  States  gallon  into  parts  per  miUion.  The  classification  of 
the  waters  for  irrigation  is  that  reported  by  the  laboratory,  and  it  is 
not  based  on  the  method  of  interpretation  employed  by  the  writer. 

As  nearly  all  the  examinations  are  of  miscellaneous  samples  for- 
warded to  the  laboratory  by  persons  residing  in  the  valley,  data  re- 
garding the  location  of  the  wells  and  their  depths  are  necessarily 
incomplete.  It  should  be  understood,  therefore,  that  the  first  two 
columns  give  the  name  and  address  of  the  sender,  which  do  not 
always  coincide  with  the  name  of  the  owner  of  the  well  and  its  location. 
For  example,  seven  analyses  of  water  from  Fresno  and  six  from  Han- 
ford  are  reported,  but  evidently  not  all  are  from  wells  within  the 
limits  of  these  two  cities. 

The  results  of  nearly  all  these  examinations  accord  with  the  writer's 
statements  regarding  the  quahty  of  groimd  waters  in  the  valley. 
The  amoimt  of  sulphate,  however,  represented  by  the  alkaline  sul- 
phates reported  in  the  analysis  of  water  from  the  1,315-foot  well  at 
St.  Agnes  Academy,  Stockton,  disagrees  with  that  reported  by  several 
chemists  in  tests  of  water  from  other  deep  welk  in  and  near  that  city. 
The  discrepancy  is  doubtless  explainable  by  mixing  of  samples  or 
error  in  computation. 

1  Van  Winkle,  Walton,  and  Eaton,  F.  M.,  The  quality  of  the  surface  watexs  of  California:  U.  S.  Oeol. 
Bonrey  WateiwSapply  Paper  237,  p.  61, 1010. 
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ANALYSES   BT  THE  RECLAMATION   SEBYIGE. 

A  few  imalyses  of  water  from  wells  in  San  Joaquin  Valley  were 
made  by  chemists  of  the  Reclamation  Service  during  1904  and  1905. 
Though  the  results  have  heretofore  been  published^  they  are  in- 
duded  herewith  in  order  that  the  analytical  records  may  be  complete. 
The  analysis  of  water  from  the  ly990-foot  well  at  the  State  Insane 
Hospital,  Stockton,  agrees  closely  with  those  of  water  from  other  very 
deep  wells  in  the  city.  The  water  of  the  well  at  Firebaugh  is  nearest 
in  composition  to  that  of  the  532-foot  well  at  Miller  pumping  station 
in  sec.  22,  T.  13  S.,  R.  14  E.  The  highly  mineralized  water  from  a 
flowing  well  reported  as  being  at  Tulare  is  imdoubtedly  from  a  well 
about  200  feet  deep  west  of  Angiola.  Though  the  sources  of  the 
oUier  samples  can  not  be  identified,  the  analyses  of  them  agree 
oitirely  with  the  statements  made  in  the  preceding  text. 

Tablb  32. — Analy$es  of  water  from  wells  in  San  Joaquin  Valley  by  chemists  of  the 
United  States  Reclamation  Service. 

[Parts  pcrmilUon.] 


Location. 

(bounty. 

Date. 

Carbon- 
ate 
radkle 
(CO,). 

Bicarbon- 
ate 
radJde 
(HCO,). 

Cblorine 
(CI). 

Dto- 
solved 
flolidji. 

»ateIiinneHQspital,8toektona 
fl.iiecl7,T.ri8.,R.18E... 

8W.}8ec.23,T.7S.,R.13E... 

San  Joaquin... 

Madira/. 

Maroed. 

do 

Tul«j........ 

!....do:::: 

Fresno 

Kem. 

do 

Mar.,ig07... 
July.  1905... 

:::::do::::;!! 

Deo.,  1006... 

do 

do 

do 

do 

do 

do 

0 
0 
0 
7 
0 
0 
3 
0 
0 
0 
0 

84 
174 
123 
336 
1,630 
205 

82 
105 
455 
254 
241 

3,620 

85 

14 

70 

436 

2 

7 

225 

35 

21 

183 

6,940 
380 
328 
584 

2,110 
250 
166 

1,420 
816 

Partanvflle 

(hOmL 

RanoowiDov 

Bikwfldd. 

Dodlij 

358 
2,000 

•Dtpth,  1,990  feet;  oaldnm  (Ca),  600;  magnflsium  (Mg),  171;  aodinm  and  potassium  (Na+K),  1,370; 
adplisle  radkle  (SOO,  8  parts  per  million. 
»  Flowing  weU. 

FOBBCASTINa  aXTALITY  OF  GBOXTND  WATER. 


The  analyses  and  assays  ac^companying  the  coimty  notes  (pp. 
177-306)  are  tabulated  by  range,  township,  and  section,  the  locations 
on  the  Spanish  land  grants  being  inserted  in  proper  order  to  conform 
to  that  arrangement.  The  locations  of  the  wells  from  which  samples 
of  water  were  collected  are  indicated  in  Plate  II  (in  pocket).  The 
tables  show  first  the  amounts  of  the  ingredients  determined  by 
analysis,  then  certain  computed  amounts  necessary  to  proper  under- 
standing of  the  quality,  and  lastly  classifications  indicating  the 
approximate  nature  of  the  waters  and  their  general  usefulness.  The 
information  thus  tabulated  is  so  detailed  that  it  is  not  necessary  to 
describe  the  waters  individually  in  the  text.     The  formulas  that 

t  Stabler,  Herman,  Some  stream  waters  of  the  western  United  States:  U.  S.  Geol.  Survey  Water-Supply 
'Pspcr374,p.l46,mi. 
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have  been  used  in  the  computations  and  the  ratings  by  which  the 
waters  have  been  classified  are  fully  described  in  pages  50-^3. 

The  best  way  to  use  this  material  in  forecasting  the  local  quality 
of  water  is  to  study  the  tabulated  analyses  in  connection  with  Plates 
II,  III,  and  V  and  figure  2.  After  analyses  of  the  water  of  wells 
near  the  locaUty  under  consideration  have  been  compared,  sections 
through  the  locahty  should  be  drawn  representing  the  depth  of  the 
wells  in  relation  to  the  composition  of  their  waters.  The  deeper  a 
well  is  the  greater  the  area  over  which  its  water  may  be  considered 
representative,  because  the  deep  supplies  circulate  more  slowly  than 
the  upper  ones  and  are  less  affected  by  rainfall,  vegetation,  and 
slope.  The  general  direction  of  movement  of  the  deep  waters  is 
from  the  foothills  toward  the  axis,  gradually  changing  near  the  axis 
to  a  direction  parallel  with  it.  Waters  within  20  to  50  feet  of  the 
surface  are  diverted  more  or  less  from  this  coiu-se  by  surface  configu- 
ration— that  is,  shallow  waters  move  toward  near-by  gullies,  coulees, 
or  watercourses.  The  somewhat  meager  information  on  the  subject 
indicates  that  shallow  wells  in  the  sandy  deltas  yield  better  water 
than  shallow  wells  in  the  slight  depressions  between  the  deltas,  and 
that  shallow  wells  in  land  showing  alkaU  patches  yield  poorer  water 
than  those  in  nonalkali  tracts.  Several  shallow  wells  in  dry  stream 
beds  were  found  to  yield  less  strongly  mineralized  water  than  nei^- 
boring  wells  not  affected  by  the  stream  imderflow.  These  conditions 
are  not  invariable,  but  if  they  are  considered  with  judgment  knowl- 
edge of  them  is  helpful  in  predicting  the  quahty  of  water  in  the  imex- 
plored  areas  of  the  valley. 

SUMMARY. 

The  more  important  conclusions  regarding  the  quaUty  of  water  in 
San  Joaquin  Valley  may  be  smnmarized  as  follows: 

The  waters  of  the  perennial  streams  are  entirely  suitable  for  irri- 
gation; storage  to  remove  suspended  matter  renders  them  accept- 
able for  boiler  use,  and  filtration  would  purify  them  for  domestic 
supply. 

On  the  east  side  between  the  Sierra  and  the  trough  of  the  valley 
wells  20  to  1,000  feet  deep  generally  yield  calcium  carbonate  waters, 
moderate  in  total  soUds  and  in  total  hardness  and  distinguishable  by 
their  low  sidphate  content.  These  waters  are  suitable  for  domestic 
use,  good  or  fair  for  irrigation,  and  fair  or  poor  for  boiler  use.  Many 
of  them  have  been  successfully  appUed  to  diversified  crops  for  several 
years.  Water  from  wells  less  than  50  feet  deep  is  generally  poorer 
than  that  from  sUghtly  deeper  weUs. 

On  the  west  side  wells  between  the  Coast  Range  and  the  trough 
of  the  valley  yield  hard,  gypseous  waters  high  in  mineral  content 
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and  especially  in  sulphate.  Nearly  all  the  waters  taste  of  alkali, 
but  they  are  potable  except  the  most  highly  concentrated  ones 
dose  to  the  footiiiUs.  The  west-side  waters  are  poorer  for  irrigation 
than  those  of  the  east  side,  but  few  of  them  are  imfit  for  use  if  proper 
care  is  taken  to  prevent  accumidation  of  alkali.  They  contain  so 
much  scale-forming  matter  that  they  should  be  softened  before  use 
in  boilers,  and  many  of  them  are  so  strongly  mineralized  that  they 
can  not  be  economically  softened. 

In  the  axis  or  trough  of  the  valley  wells  yield  waters  distinguishable 
by  the  predominance  of  sodium  and  potassium  among  the  basic 
redides.  These  waters  gradually  mingle  on  either  side  of  the  valley 
with  those  of  the  east-side  and  west-side  types,  and  they  are  locally 
altered  by  seepage  from  both  sides  of  the  valley.  The  ground 
waters  in  the  axis  differ  much  from  each  other  in  concentration  and  in 
composition  and  therefore  in  their  economic  value.  Nearly  all  except 
Uie  salt  waters  and  those  from  wells  less  than  300  feet  deep  in  or  near 
the  bed  of  Tulare  Lake  are  potable.  Many  of  those  north  of  Kings 
River  are  poor  for  irrigation  and  are  too  high  in  foaming  constituents 
to  be  suitable  for  steaming.  The  deep  artesian  waters  south  of  Kings 
River  are  good  or  fair  for  irrigation  and  for  boiler  use. 

Borings  more  than  1,200  feet  deep  as  far  south  as  Fresno  Coimty 
yield  strong  salt  waters  unfit  for  use,  but  south  of  that  county  weUs 
of  that  or  greater  depth,  yield  sodium  carbonate  waters  of  low 
mineral  content.  Many  flowing  weUs  300  to  800  feet  deep  in  the  axis 
also  yield  salt  water. 

The  chief  reason  for  the  difference  of  composition  between  ground 
waters  of  the  east  and  the  west  side  is  the  different  character  of  the 
sediments  through  which  they  pass;  the  silt  brought  down  from  the 
Sierra  was  derived  from  old,  difficultly  soluble  rocks,  but  that  from 
the  Coast  Range  was  derived  from  more  recent  metamorphic  and 
sedimentary  rocks  containing  gypsum  and  other  readily  soluble 
constituents.  Alkalines  predominate  in  the  axial  waters  because 
the  more  readily  soluble  constituents  have  become  concentrated 
during  the  movement  of  the  waters  toward  the  natural  drain  of  the 
valley. 

The  very  deep  waters  of  the  east  side  and  of  the  axis  increase 
northward  in  mineral  content,  but  the  shallow  waters  show  no  such 
general  relation. 
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PUMPING  TESTS. 

By  Herman  Stabler. 

NOTES  ON  THE  PlaANTS. 

During  the  summer  of  1910  pumping  tests  were  made  on  about  60 
irrigation  plants  in  San  Joaquin  Valley,  in  connection  with  other 
studies  of  the  water  supply.  In  the  following  pages  a  description 
of  each  plant  and  test  is  given,  with  brief  remarks  concerning  the 
results  shown  by  the  test.  The  date  of  installation  is  given  in  the 
heading.  The  data  of  chief  interest  to  the  irrigator  have  also  been 
collected  in  Table  34,  in  which  the  various  factors  in  the  cost  and 
relative  efficiency  of  the  several  plants  are  presented.  A  summary 
of  the  principal  points  to  be  observed  in  order  to  obtain  good  service 
from  a  pumping  plant  is  also  appended. 

1.  T.  B.  mr.T.,  LODI.  CAL.  (ItlO). 

LocaHon.— Lot  7  of  the  Hogan  tract,  SW.  i  sec.  19,  T.  3  N.,  R.  7  £.,  Mount  Diablo 
base  and  meridian. 

Plant. — 6-hor8epower  Samson  distillate  engine,  18-inch  pulley;  belt-connected 
to  a  3}-inch  Samson  horizontal  centrifugal  pump  with  8-inch  pulley,  catalogue  capacity 
of  250-300  gallons  per  minute.  Well,  bored,  8  inches  by  44  feet,  uncased;  water  8 
feet  below  the  surface. 

Building  oo«t.— Engine,  $235;  pump,  |85;  well,  $22;  complete  plant,  $385. 

Use  in  1910, — Preparation  of  land  and  irrigation  of  young  alfalfo.  Proposed  plan 
of  irrigation  provides  for  the  watering  of  4  acres  of  alfalfa  eight  timeR. 

Test.— 'The  following  results  were  obtained  during  a  two-hour  test  of  the  plant  on 
September  25,  1910. 

Consumption  of  distillate,  gallons  per  hour,  0.96. 

Water  piunped,  gallons  per  minute,  256. 

Speed,  revolutions  per  minute:  Engine,  310  (marked  325);  pump,  686  (catalogue 
speed,  830). 

Head:  6-foot  lift;  20-foot  suction.    Total  static  head,  26  feet. 

Remarks. — ^The  plant  is  about  as  small  as  can  be  satis&tctorily  used  for  irrigating 
alfalfa  but  is  far  larger  than  a  4  or  5  acre  alMfa  tract  can  support.  The  owner  pays 
a  building  cost  of  |96  per  acre,  and  the  cost  of  plant  depreciation,  maintenance, 
and  operation  amounts  to  $17  per  acre  annually.  At  this  rate  more  than  half  the 
value  of  all  the  alfalfa  that  can  be  raised  will  be  required  for  the  upkeep  of  the  pump- 
ing plant  and  payment  of  taxes  and  interest  and  insurance  chiu-ges.  For  the  first 
few  years  thic  may  not  be  noted  by  an  owner  who  makes  no  allowance  for  depreda- 
tion, but  as  the  plant  grows  older  ^e  problem  of  renewal  must  be  met. 

The  efficiency  of  the  plant  is  low.  So  ^  as  could  be  noted  without  detailed  study 
this  is  accounted  for  by  the  following  facts:  The  engine  is  laiger  than  is  required  for 
the  work  done  and  is  underspeeded  and  fed  an  excess  of  distillate;  the  pump  is  much 
underspeeded.  The  owner  can  not  hope  to  make  a  living  on  his  snudl  tracts  by 
raising  alfalfa.  His  net  revenue  could  be  greatly  increased  by  supplying  pumped 
142 
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water  to  adjacent  lands  and  in  such  case  a  4-inch  pump  could  profitably  be  installed. 
Cue  in  designing  the  plant  for  proper  speeds  and  in  operating  would  add  materially 
to  the  owner's  success. 

1.  J.  C.  DUTTOir,  LODX,  CAL.  (UOI). 

location.— SW.  {  sec.  31,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

?£(m/.--6-hor8epower  Samson  cUstillate  engine,  22-inch  pulley;  belt-connected 
to » 4-inch  Samson  horizontal  centrifugal  pump  with  8-inclL  pulley,  catalogue  capacity 
400-450  gallons  per  minute.  Well,  bored,  10  inches  by  50  to  60  feet,  uncased;  water 
5  to  10  feet  below  the  surfeu^e  according  to  season. 

BuUdmg  eo$t. — Engine,  $290;  pump,  $100;  well,  |25;  complete  plant,  $495. 

Use  in  1910. — Irrigation  of  3  acres  of  vineyard  watered  two  or  three  times,  1  acre 
of  al&lfa,  and  1  acre  of  eucalyptus  trees  watered  once  a  week  or  about  12  times  in  the 


Tut,— The  following  results  were  obtained  during  an  hour  and  a  quarter  test  of  the 
plant  on  September  26,  1910: 

Consumption  of  distillate,  gallons  per  hour,  1.00 

Water  pumped,  gallons  per  minute,  380. 

Speeds,  revolutions  per  minute:  Engine,  248;  pimip,  666  (catalogue  speed,  670). 

Head:  6-foot  lift;  15-foot  suction.    Total  static  head,  21  feet. 

Remarks. — ^The  plant  is  well  designed  and  properly  speeded.  When  tested  the 
batteries  wa«  in  poor  condition  and  excess  of  distillate  was  being  used .  Poor  ignition 
tnd  relatively  low  efficiency  resulted.  The  relatively  large  profits  obtainable  from 
a  high  grade  of  table  grapes  probably  justify  the  installation  of  this  plant.  The  area 
served  is  so  small,  however,  that  irrigation  from  it  must  necessarily  be  expensive. 
To  provide  for  economical  irrigation  by  means  of  this  plant  an  area  10  to  15  times  as 
great  should  be  served  with  water. 

S.  J.  C.  DTTTTOir,  LODI,  CAL.  (1MI1). 

loodfum.— SW.  i  sec.  31,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 4-hofBepower  Peerless  vertical  distillate  engine;  belt-connected  to  a  3^- 
iiich  Samson  horizontal  centrifugal  pump  with  8-inch  lagged  pulley,  catalogue 
capacity  250-300  gallons  per  minute.  Well,  bored,  10  inches  by  60  feet,  cased  for  12 
feet;  water  14  feet  below  the  surface. 

Building  cost. — Engine  and  pump,  $325;  well,  $30;  complete  plant,  $400. 

Use  in  1910. — Irrigation  of  8  acres  of  vineyard  and  2  acres  of  alfalfa. 

Test.— The  following  results  were  obtained  during  a  IJ-hour  test  of  the  plant  on 
September  26,  1910: 

Consumption  of  distillate,  gallon  per  hour,  0.75. 

Water  pumped,  gallons  per  minute,  265. 

Speed,  revolutions  per  minute,  engine,  310. 

Head:  8-foot  lift;  19-foot  suction.    Total  static  head,  27  feet. 

Remarks. — ^This  plant  gives  results  satisfactory  in  view  of  its  size  and  irrigation 
costs  that  are  not  unreasonable  in  consideration  of  the  value  of  the  crops  raised. 
Eithw  plant  No.  2  or  No.  3,  however,  if  properly  located,  could  do  the  work  of  both 
with  much  greater  economy. 

4.  A.  8.  LA  SALLB,  LODI,  GAL.  (UOI). 

locution.— N£.  {  sec.  25,  T.  3  N.,  R.  6  E.,  Mount  Diablo  base  and  meridian. 

P2aia.— 12-horBepower  Hercules  distillate  engine,  24-inch  pulley;  belt-connected 
to  a  7-inch  Samson  horizontal  centrifugal  pump  with  16-inch  pulley,  catalogue 
ci^»city  1,100-1,300  gallons  per  minute.  Wells,  three,  bored,  8  inches  by  90  feet, 
10  inches  by  90  feet,  17  inches  by  90  feet;  water  11  feet  below  the  Qurface. 

Building  cast. — Engine  and  pump,  $750;  complete  plant,  $1,250, 
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Use  in  1910. — Irrigation  of  20  acres  of  al^dfa  four  tdmee  at  the  rate  of  2  acres  in  seven 
hours. 

Test. — ^The  following  results  were  obtained  during  a  2-hour  test  of  the  plant  on 
September  27, 1910: 

Consumption  of  distillate:  No  satisfactory  measurement  obtainable.  Owner  states 
that  12  gallons  are  required  for  a  10-hour  run,  corresponding  to  1.2  gallons  per  hour. 

Water  pumped,  gallons  per  minute,  868. 

Speed,  revolutions  per  minute:  Engine,  300;  pump,  410  (catalogue  speed,  492). 

Head:  8-foot  lift;  19-foot  suction.    Total  static  head,  27  feet. 

Remarks.— ThJa  plant  apparently  operates  at  high  efficiency.  Records  of  water 
pumped  and  distillate  used  are  both  somewhat  doubtful,  however,  so  the  apparent 
efficiency  may  be  too  high.  The  engine  has  been  given  excellent  care  and  opeiates 
in  a  very  satis&u^tory  manner  after  eight  years'  use.  A  6-inch  pump  would  be  better 
suited  to  the  plant  than  the  one  now  in  use.  The  7-inch  pump  has  to  be  speeded 
considerably  below  its  economic  capacity  in  order  that  the  engine  may  not  be  too 
heavily  overloaded.  The  owner  of  this  plant  has  two  other  pumping  plants  on  his 
property.  One  plant  properly  located  could  with  much  greater  economy  do  the  work 
of  all  three. 

».  J.  H.  HIGH,  LODI,  CAL. 

Location. — Sec.  18,  T.  3  N.,  R.  7  £.,  Mount  Diablo  base  and  meridian. 

Plant. — Byron  Jackson  pumping  unit,  consisting  of  a  5-hcmepowOT  electric  motor 
direct<onnected  to  a  3-inch  horizontal  centrifugal  pump;  catalogue  capacity,  225  gal- 
lons per  minute.    Well,  bored,  8  inches  by  25  feet;  water  8  feet  below  the  surface. 

Building  oo»^— Pumping  unit,  $513;  well,  $16;  complete  plant,  $550. 

Uu  in  1910. — Irrigation  of  small  garden  and  2  acres  of  alMfa;  also,  for  pumping  to 
elevated  tank  for  domestic  use. 

Test— The  following  results  were  obtained  during  a  1-hour  test  on  September  28, 
1910: 

Current  used,  kilowatt  hours  per  hour,  4.0. 

Water  pumped,  gallons  per  minute,  300. 

Speed  of  motor  and  pump,  revolutions  per  minute,  1,150. 

Head:  6-foot  lift;  14-foot  suction.    Total  static  head,  20  feet. 

Remarks. — The  efficiency  of  the  plant  is  low,  probably  on  account  of  the  hi^  speed 
of  the  pump  necessary  for  pumping  to  the  elevated  tank.  The  result  on  (^e  lower 
lift  used  for  irrigation  is  overspeeding,  increased  discharge,  and  low  efficiency.  The 
cost  per  acre  of  the  plant  is  far  too  high  to  be  justified  by  the  value  of  the  crops  raised. 
It  is  essentially  a  luxury. 

f .  P.  H.  TISDBLL,  LODI,  OAL. 

Location.SW.  |  sec.  18,  T.  3  N.,  R.  7  £.,  Mount  Diablo  base  and  meridian. 

Plant. — 12-hor8epower  Fairbanks-Morse  distillate  engine,  30-inch  pulley;  belt- 
connected  to  a  5-inch  Jackson  horizontal  centrifugal  pump  with  ll^inch  pulley. 
Catalogue  capacity  700  gallons  per  minute.  Well,  bored,  8  inches  by  150  feet;  water 
16  feet  below  the  suriace;  pump  installed  in  1898,  engine  in  1906. 

BuiUHng  co«^— Engine,  $650;  pimip,  $120;  well,  $^;  complete  plant,  $1,000. 

Use  in  1910. — Irrigation  of  5  acres  of  alfalfa  six  times,  13.5  acres  of  vineyard  once, 
28.5  acres  of  vineyard  twice,  and  10  acres  of  vineyard  three  times.  Two  to  two-and- 
a-half  acres  irrigated  per  day  of  12  hours. 

Test, — ^The  following  results  were  obtained  during  a  one-hour-test  on  September  28, 
1910: 

Consumption  of  distillate,  gallons  per  hour  (from  owner's  record,  no  measorement 
being  obtainable),  1.20. 

Water  pumped,  gallons  per  minute,  605. 

Speed,  revolutions  per  minute:  Engine,  263;  pump,  645. 
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Head:  11-foot  lift;  20-foot  suction.    Total  static  head,  31  feet. 

Rtmarks. — ^This  plant,  being  operated  with  fair  efficiency  to  irrigate  52  acres,  is  sub- 
ject to  the  reasonable  watar  cost  of  13.60  per  acre  per  year  or  |2.60  per  acre-foot  of 
water  pumped.  The  crops  raised  can  readily  stand  such  a  charge.  The  amount  of 
water  used,  1.4  acre-feet  per  acre  per  year,  is  rather  low  because  of  the  relatively  small 
water  requirement  of  vineyards.  The  plant  is  of  sufficient  capacity  to  irrigate  an 
area  fully  twice  as  great  as  that  now  watered  from  it. 

7.  OXOROX  D.  KSTTLXMAV,  LODI,  OAL.  (ItlO). 

Iooirf«m.— SW.  J  sec.  7,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant. — ^20-hor9epower  Samson  distillate  engine,  30-inch  pulley;  belt-connected  to 
a  6-inch  Samson  horizontal  centrifugal  pump  with  12-inch  pulley,  catalogue  capacity 
800-1,000  gallons  per  minute.  Well,  bored,  12  inches  by  46  feet,  uncased;  water  18 
feet  below  the  surface.  Engine  house  has  substantial  cement  floor  and  very  heavy 
concrete  engine  base. 

BuiUHng  cost.— Engine,  $760;  pump,  $90;  well,  $30;  complete  plant,  $1,200. 

Use  in  1910, — Irrigation  of  4  acres  of  alfalfa  10  times  at  the  rate  of  0.4  to  0.3  acre 
per  hour.  Also  as  insurance  against  drought  for  a  large  vineyard,  though  no  irrigating 
water  was  supplied  to  the  vineyard  lands. 

Test. — ^The  following  results  were  obtained  during  a  4-hour  test  of  the  plant  on 
September  29,  1910: 

Consumption  of  distillate,  gallons  per  hour,  1.83. 

Water  pumped,  gallons  per  minute,  914. 

Speed,  revolutions  per  minute:  Engine,  222;  pump,  530  (catalogue  speed,  566). 

Head:  8-foot  lift;  20-foot  suction.    Total  static  head,  28  feet. 

Remarks. — ^This  plant  is  remarkable  on  account  of  the  very  high  yield  of  the  well, 
0.204  second-foot  per  foot  of  draw-down.  Except  for  wells  in  a  stream  bed,  no  other 
well  tested  in  San  Joaquin  Valley  was  found  to  have  a  capacity  85  per  cent  as  great. 
A  consideroble  amount  of  sand  has  been  pimiped  out  and  on  account  of  the  heavy 
draft  some  sand  continues  in  the  discharge.  The  cost  of  operation  in  1910  was  $31 
per  acre  irrigated,  a  very  laige  proportion  of  the  value  of  the  alfalfa  raised.  The 
building  of  such  a  large  plant  can  not  be  justified  by  the  use  to  which  it  is  put.  The 
insQiance  against  drought  for  the  vineyard  is  p^hap?  its  greatest  value.  In  any  case 
a  considerably  smaller  plant  would  be  fully  as  useful  and  much  less  expensive  than 
the  one  installed.  Only  fair  efficiency  is  obtained,  the  pump  being  slightly  under- 
speeded  and  the  engine  working  at  small  load. 

8.  CHAKLSS  RASH,  LODI,  CAL.  (ISM). 

LoeaHon.^NVi,\  i  sec.  19,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant. — lO-horsepower  Samson  distillate  engine;  20-inch  pulley;  belt-connected  to 
ft  5-inch  Samson  horizontal  centrifugal  piunp  with  10-inch  pulley;  catalogue  capacity, 
600-700  gallons  per  minute.    Well,  bored,  12  inches  by  48  feet,  uncased. 

Building  cost. — Engine,  $350;  pump,  $75;  well,  $30;  complete  plant,  $550. 

U$e  in  1910. — Irrigation  of  2.5  acres  of  alfalfa  six  times.  Available  for  use  in 
vineyard  also. 

TVrt.— The  following  results  were  (>l»taine<l  during  a  two-hour  test  of  the  plant  on 
September  30,  1910: 

Consumption  of  distillate,  gallons  per  hour,  1.50. 

Water  pumped,  gallons  per  minute,  406. 

Speed,  revolutions  per  minute:  Engine,  303;  pimip,  596  (catalogue  speed,  646). 

Head:  3-foot  lift;  23-foot  suction.    Total  static  head,  26  feet. 

Remarks. — ^The  plant  is  well  designed  in  most  respects.  The  pump  should  be  sot 
Wer,  however,  in  order  to  avoid  excessive  suction  lift.  The  operating  efficiency 
98205'— wsp  398—16 10 
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was  very  low  during  the  test.  This  was  due  in  part  to  excessive  feeding  of  distillate 
and  in  part  to  the  presence  of  air  in  the  pump.  The  pump  was  also  somewhat  undei^ 
speeded.  In  order  to  secure  reasonahle  economy,  the  plant  should  serve  a  much 
greater  acreage.  As  used  in  1910,  the  building  cost  of  the  plant  is  $220  per  acre  iiri- 
gated  and  the  annual  cost  of  irrigation  $32  per  acre,  or  $7.80  per  acre-foot  of  water 
pumped.    The  crops  raised  are  not  of  sufficient  value  to  warrant  such  irrigation  costs. 

f.  JOKH  TXXTHSWAT,  LODI,  CAX..  (INI). 

i^xxition.— NW.  1  sec.  11,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant, — ^25-horBepower  Samson  distillate  engine;  32-inch  pulley;  belt^xmnected  to  a 
7-inch  Samson  horizontal  centrifugal  pump  with  14-inch  pulley  (catalogue  capacity, 
1,100-1,300  gallons  per  minute).  Well,  bored,  13  to  8  inches  by  137  feet,  cased;  water 
26  feet  below  the  surface. 

Building  co«<.— Engine,  $900;  pump,  $120;  well,  $100;  complete  plant,  $1,300. 

Uu  in  1910. — Irrigation  of  garden  and  of  14  acres  of  alfalfa,  wateied  twice. 

Te8t,--The  following  results  were  obtained  during  a  two-hour  test  of  the  plant  on 
October  3,  1910: 

Consumption  of  distillate,  gallons  per  hour,  1.57. 

Water  pumped,  gallons  per  minute,  425. 

Speed,  revolutions  per  minute:  Engine,  220;  pump,  460  (catalogue  speed,  630). 

Head:  22-foot  Uft;  26-foot  suction.    Total  static  head,  48  feet. 

Remarks, — ^The  operation  efficiency  of  this  plant  was  excellent  when  all  conditions 
are  considered,  though  the  actual  results  were  poOT.  The  engine  and  pump  were 
undenpeeded  in  order  that  the  capacity  of  the  well  might  not  be  exceeded,  and  the 
distillate  feed  choked  as  far  as  practicable.  A  much  smaller  plant  would  pump  with 
better  efficiency  all  the  water  that  the  well  can  supply.  More  extended  irrigation  &om 
this  plant  is  proposed,  but  additional  water  supply  from  additional  wells  or  from 
reconstruction  of  the  present  well  will  be  necessary  to  make  the  plant  a  success. 

10.  J.  A.  HIZB,  LODI,  CAL.  (1M7). 

Location.-^W .  i  sec.  15,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant, — S-horsepower  Fairbanks-Morse  distillate  engine,  24-inch  pulley;  belt-con- 
nected to  a  4-inch  Samson  horizontal  centrifugal  pump  with  8-inch  la^^  pulley; 
catalogue  capacity,  400-450  gallons  per  minute.  Well,  bored,  8  inches  by  46  feet, 
uncased;  water  19  feet  below  the  surface. 

Building  cost. — Engine,  $470;  pump,  $70;  well,  $25;  complete  plant,  $650. 

Use  in  1910. — Irrigation  of  4  acres  of  alfalfa,  watered  18  times,  at  the  rate  of  one- 
third  of  an  acre  per  hour. 

Test.—'^hti  following  results  were  obtained  during  a  one-hour  test  of  the  plant  on 
October  4,  1910: 

Consumption  of  distillate,  gallons  per  hour  (owner's  statement  of  average  require- 
ment, no  satisfactory  measurement  being  obtainable),  1.00. 

Water  pumped,  gallons  per  minute,  444. 

Speed,  revolutions  per  minute:  Engine,  275  (118  explosions);  pump,  750  (catalogue 
speed,  743). 

Head :  7-foot  lift;  20-foot  suction;  total  static  head,  27  feet. 

Remarks. — ^This  plant  is  well  designed,  the  various  parts  being  well  adapted  to  one 
another.  The  efficiency  appears  to  be  lower  than  would  be  expected,  but  this  is 
probably  due  to  the  rather  heavy  draft  of  distillate.  The  building  cost  and  operation 
and  maintenance  costs  per  acre  of  land  irrigated  are  unreasonably  high  in.  view  of 
the  crops  raised,  for  the  plant  is  of  sufficient  size  to  irrigate  an  area  twenty  times  tf 
great  as  that  for  which  it  is  actually  utilized. 
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IL  SAM  KT71CMIS,  LODI,  CAL. 

LoeaHon.—SE.  }  sec.  24,  T.  3  N.,  R.  6  E.,  Moxrnt  Diablo  base  and  meridian. 

PUaU. — ^12-hoFB6power  distillate  engine  (unknown  make),  36-incIi  pulley;  belt- 
connected  to  a  6-inch  Samson  horizontal  centrifugal  pump  with  12-inch  lagged  pulley; 
ctUlogue  capacity,  800-1,000  gallons  per  minute.  Engine  and  pimip  on  a  portable 
platform  and  used  to  pump  from  three  weUs  located  at  convenient  points;  water  about 
9  feet  below  the  surface. 

Estimated  building  co«t.— Engine,  $600;  pimip,  $105;  wells,  $150;  complete  plant, 
1900. 

Ike  in  1920. — ^Irrigation  of  60  acres  of  almonds  and  alfalfa,  mostly  almonds. 

IV«<.— The  following  results  were  obtained  dining  a  short  test  on  October  4,  1910: 

Consumption  of  distillate,  gallons  per  hoiu*  (owner's  statement  of  average  use,  no 
measurement  bein^  obtainable),  1.20. 

Water  pumped,  gallons  per  minute,  444. 

Speed,  revolutions  per  minute:  Engine,  138;  pump,  400  (catalogue  speed,  566). 

Head:  3-foot  Uft;  24-foot  suction;  total  static  head,  27  feet. 

Remarks. — ^The  engine  is  an  old  one  but  is  still  doing  good  service.  The  plant 
operates  at  low  efficiency,  chiefly  because  the  speed  is  very  low,  this  being  necessary 
in  order  to  avoid  excessive  suction  lift.  A  portable  centrifugal  pump  can  be  used  to 
advantage  only  in  case  the  water  table  is  close  to  the  sm*face  of  the  ground.  An 
8-bmsepower  engine  and  a  4-inch  pump  would  do  the  work  of  this  plant  with  greater 
efficiency  and  at  about  two-thirds  the  building  cost. 

12.  W.  O.  laCKE,  LODI,  CAL.  (1906). 

Location,'— KW,  i  sec.  7,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant,-— Byron  Jackson  pumping  unit,  consisting  of  a  3-horflepower  electric  motor 
direct-connected  to  a  2-inch  horizontal  centrifugal  pump,  catalogue  capacity,  100 
gaUons  per  minute.  Well,  bored,  5  inches  in  diameter,  shallow;  water  16  feet  below 
the  surface. 

Building  cott.^Ahout  $250  for  the  completed  plant. 

Use  in  1910. — Irrigation  of  1.5  acres  of  alfalfa  and  garden  Gve  times  at  the  rate  of  0.06 
acre  per  hour. 

Tat,— The  following  results  were  obtained  during  a  2-hour  test  of  the  plant  on 
Octob«6, 1910. 

Current  used,  kilowatt-hours  per  hour,  2.0. 

Water  pumped,  gallons  per  minute,  108. 

Speed  of  motor  a^tl  pump,  revolutions  per  minute,  1,700. 

Head:  6-foot  lift;  19-foot  suction.    Total  static  head,  25  feet. 

Remarh.^-TbiB  plant  has  low  efficiency  because  of  its  small  size.  As  it  lies  idle  the 
greater  poilion  of  the  time,  the  costs  per  acre  are  large  even  though  the  current  is 
purchased  on  the  basLs  of  actual  use. 

IS.  MBS.  WM.  p.  BEARD,  LODI,  CAL.  (1110). 

Location.— -NW.  {  sec.  30,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  median. 

PfarU.— S-horsepower  Samson  distillate  engine,  20-inch  pidley;  belt-connected  to  a 
Sf-inch  Samson  horizontal  centrifugal  pump  with  7-inch  pulley,  catalogue  capacity, 
250-300  gallons  per  minute.  Well,  lK)red,  8  inches  by  50  feet,  uncased;  water  12  feet 
below  the  surface. 

Building  co«t.— Engine,  $200;  pump,  $85;  well,  $4;  complete  plant,  $325. 

Use  in  i9i0.— -Irrigation  of  2  acres  of  alfalfa  and  0.3  acre  of  garden  six  times. 

r«rt.— The  following  results  were  obtained  during  an  hour-and-a-half  test  on 
October  6, 1910. 

Consumption  of  distillate,  gallon  per  hour,  0.80. 


< 


Digitized  by  VjOOQIC 


148  GROUND   WATER  IN   SAN   JOAQUIN   VALLEY. 

Water  pumped,  gallons  per  minute,  249. 

Speed,  revolutions  per  minute:  Engine,  276;  pump,  716  (catalogue  speed,  807). 

Head:  5-foot  lift,  19-foot  suction.    Total  static  head,  24  feet. 

Remarks, — ^This  plant  is  operated  at  low  efficiency  on  account  of  small  size,  low  speed 
of  pump,  and  slip  of  belt.  The  area  irrigated  is  so  small  that  the  building  cost  per 
acre  and  cost  per  acre  of  operation  and  maintenance  are  excessive. 

14.  JACOB  WAOVX&  (1M4). 

Location.— 'HfW,  i  sec.  19,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant, — 12-hor8epower  Fairbanks-Morse  distillate  engine,  28-inch  pulley;  belt-con- 
nected to  a  5-inch  Krog^  ''Pacific' '  horizontal  centrifugal  pump  with  10-inch  puUey, 
catalogue  capacity,  500  to  950  gallons  per  minute.  Well,  bored,  12  inches  by  115  feet, 
cased;  water  14  feet  below  the  surface. 

Building  co9^— Complete  plant  estimated  at  $1,000. 

Use  in  1910, — Irrigation  of  6  acres  of  alfalfa  watered  five  times  at  the  rate  of  0.07 
acre  per  hour. 

Test.— The  following  results  were  obtained  during  a  2-hour  test  on  October  7,  1910. 

Consumption  of  distillate,  gallons  per  hour,  1.25. 

Water  pumped,  gallons  per  minute,  299. 

Speed,  revolutions  per  minute:  Engine,  232  (118  explosions);  pump,  calculated,  650 
(catalogue  speed,  573). 

Head:  11-foot  lift;  24-foot  suction.    Total  static  head,  35  feet. 

Remarks, — ^As  is  the  case  with  most  plants  on  which  tests  were  made  in  this  neighbor- 
hood, the  costs  are  high  by  reason  of  the  small  area  of  irrigation.  The  efficiency  of  this 
plant  is  very  low  and  can  not  be  explained  by  reasons  that  were  apparent.  The  dis- 
charge is  far  too  small  for  size  and  speed  of  the  pump,  and  there  were  indications  of  air 
leakage  in  the  suction  pipe.  It  may  be,  however,  that  poor  condition  of  the  pump  or 
clogging  of  the  foot  valve  is  the  cause  of  the  low  efficiency.  The  well  is  deeper  than 
most  in  the  vicinity,  and  the  upper  aquifers  are  cased  off.  This  seems  to  have  been  a 
mistake  in  construction,  as  the  capacity  of  the  well  is  relatively  small. 

16.  W.  X.  BUVKXR,  OXrSTIHZ,  CAL.  (IflO). 

Location.— K^.  i  sec.  7,  T.  9  S.,  R.  9  E.,  Mount  Diablo  base  and  mmdian. 

Plant. — 100-horeepower  Samson  four-cylinder  vertical  distillate  engine;  direct-con- 
nected to  a  26-inch  Samson  horizontal  centrifugal  pump,  catalogue  capacity  16,000 
gallons  per  minute.  ^ 

Building  co«e.— Engine,  $2,850;  complete  plant,  $3,950. 

Use. — Pumping  for  irrigation  from  a  gravity  canal  through  8-foot  suction  and  12-foot 
lift  (total  static  head  20  feet)  to  high  lands.  In  1910 156  acres  of  raw  land  was  watered 
once  at  the  rate  of  0.64  acre  per  hour  using  7.5  gallons  of  distillate  per  hour.  Plan  of 
irrigation  provides  for  watering  350  acres  of  alfalfa  twice  per  season. 

Remarks.— Thougtk  not  an  undeigroimd  water  development,  this  plant,  whkh  was 
visited  but  not  tested,  is  cited  as  an  example  of  a  type  of  plant  being  installed  at 
various  localities  on  the  west  side  of  San  Joaquin  Valley  in  a  region  highly  developed 
for  alfalfa  and  dairying.  The  land  is  reputed  to  be  salable  at  $30  per  acre  without 
and  $300  per  acre  with  a  water  right.  Plants  of  this  type  extend  the  use  of  flood 
waters  to  high  lands  that  could  not  otherwise  be  watered.  Water  is  supplied  by  the 
canals  only  until  sometime  in  July  or  August  so  that  the  growing  season  is  relatively 
short.  Plants  that  can  quickly  irrigate  a  large  area  seem  to  be  essential  in  view  of  the 
conditions  and  the  value  of  the  crops  seems  to  warrant  rather  high  costs.  From  the 
use  of  distillate  and  time  for  watering  it  is  evident  that  the  plant  was  not  operated  at 
full  capacity  in  1910. 
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IS.  JOS  HOUSE,  OXrSTIirX,  gal.  (IMI). 

Looohofi— SW.  i  sec.  6,  T.  8  S.,  R.  9  E.,  Mount  Diablo  base  and  meridian. 

Plant.— 25-hoi8ex>ower  Samson  distillate  engine;  14-inch  Samson  c^itrifugal  pump, 
catalogfoe  capacity  5,000  to  6,000  gallons  per  minute. 

BwUidmg  ro^.— Engine,  $900;  complete  plant,  $1,500. 

Uh  in  19/0.— Irrigation  of  77  acres  of  alfalfa  twice  at  the  rate  of  1.15  acres  per  hour. 

Rmarh. — ^This  plant  receives  its  water  supply  from  a  gravity  canal.  The  pump 
opetates  under  water  and  has  a  lift  of  5.5  feet  to  14  acres  and  3.5  feet  to  63  acres  of  land. 
Tlie costs  for  the  season  were  $19  for  distillate  at  10  cents  a  gallon,  $1  for  lubricating  oil, 
and  a  merely  nominal  amount  for  attendance.  The  water  supply  is  usually  available 
until  some  time  in  July  or  August.  The  plant  was  visited  on  October  11  but  no  tests 
were  made.  From  the  foregoing  data,  supplied  by  the  owner,  the  efficiency  is  excellent 
and  the  total  cost  of  irrigation  about  $2.90  per  acre.  To  this  should  be  added  $1 .50  to 
$3  per  acre  charged  by  the  gravity  canal  company  for  the  water  supplied . 

17.  PATTSB80H  COLOVY,  FATTBX80H,  CAL.  (IflO).i 

This  plant  is  located  near  the  new  town  of  Patterson  on  the  west  bank  of  San  Joaquin 
River  about  30  miles  southwest  of  Stockton.  It  is  noteworthy  as  being  the  laigest 
iingati(»i  pumping  plant  in  San  Joaquin  Valley .  The  Rancho  del  Puerto,  or  Patterson 
Ranch,  containing  about  18,000  acres  of  land,  has  been  subdivided  and  is  being  sold  in 
amall  holdings  with  a  water  right  providing  for  irrigation  of  the  lands  with  water 
pamped  from  San  Joaquin  River.  The  irrigable  area  contains  about  14,000  acres  and 
is  watered  with  an  assumed  duty  of  water  of  1  second -foot  to  160  acres  from  five  sections 
o(  main  canal  differing  about  13  feet  in  elevation.  The  main  pumping  plant  with  a 
capacity  of  50,000  gallons  per  minute  (111  second-feet)  is  located  on  the  river  bank  and 
nbes  the  water  about  21  feet  to  the  first-lift  canal.  The  first-lift  canal  supplies  water 
to  a  huge  area  of  land  and  terminates  in  a  small  reservoir  supplying  a  second  pumping 
sUtion  that  raises  water  to  the  second  lift  canal.  The  second-lift  canal,  in  turn, 
^applies  water  to  the  land  and  through  a  reservoir  to  a  third  pumping  station.  In  the 
ome  way  the  fourth  and  fifth  pumping  stations  and  the  third,  fourth,  and  fifth  lift 
canals  are  operated.  The  canals  and  reservoirs  are  lined  with  concrete  and  extend 
>bout  17,500  feet  in  a  straight  line  west  from  the  river.  The  motive  power  is  electricity 
sipplied  19  hours  a  day  (to  avoid  peak  load)  at  the  low  rate  of  three-fourths  of  a  cent 
per  kilowatt-hour  actually  used.  The  pumps  are  of  the  horizontal  centrifugal  tjrpe, 
▼ere  specially  designed  for  the  conditions  imder  which  they  operate,  and  gave  effi- 
ciencies over  75  per  cent  in  tests  at  the  factory.  The  pump  equipment  planned  for 
the  several  stations  (about  half  installed  in  1910)  is  as  follows: 

Table  33. — Pumping  equijpmeniy  Patterson  colony. 


Number  and  size  of  pumps. 


Statbn 
capacity  fn 
galloiisper 

mimite. 


Aoonmu- 
latedlift 
in  feet. 


Pour  30>iiieii. 

Three ao-inch;  one  IB-inch. 
Two  ao-inch:  one  l&-inch. . 

Three  16-liich. 

Onel5-faicfaL 


50,000 
4«,000 
31,000 
18,000 
6,000 


21 
34 

47 
«0 
73 


^  The  oonstmetion  of  this  pumping  system  has  been  described  in  detail  by  O.  C.  Stevens  (Eng.  Record, 
^t2,pp.2M-286,1910). 
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U.  P.  AlXOrO.  LODI,  CAL.  (IMI). 

2x>ca<ion.— NE.  i  aec.  30,  T.  3  N.,  R.  7  £.,  Mount  Diablo  base  and  mmdian. 

Plant, — 5-horaepower  Samflon  distillate  engine,  17-inch  pulley;  belt-connected  to 
a  4-inch  Samson  horizontal  centrifugal  pump  with  B-inch  lagged  pulley,  catalog:ae 
capacity  40(M50  gallons  per  minute.  Well,  bored,  6  inches  by  46  feet,  uncaaed: 
water  11  feet  beneath  the  surface. 

Building  co«<.— Engine,  1200;  pump,  $70;  well,  $25;  complete  plant,  $355. 

Use  in  1910. — Irrigation  of  3.5  acres  of  alfalfa  and  a  small  area  of  eucalyptus  trees 
and  garden  eight  times  at  tho  rate  of  0.12  acre  per  hour. 

Test. — ^The  following  results  were  obtained  diuing  a  2-hour  test  on  October  13,  1910. 

Consumption  of  distillate,  gallons  per  hour,  0.97. 

Water  pumped,  gallons  per  minute,  406. 

Speed,  revolutions  per  minute:  Engine,  328;  pump,  642  (catalogue  ipeed,  694). 

Head:  7-foot  lift;  16-foot  suction.    Total  static  head,  23  feet. 

Remarks. — ^The  well  at  this  plant  has  very  great  capacity  forone  of  so  small  a  diame- 
ter. The  efficiency  of  the  plant  is  low  and  is  accounted  for  by  the  use  of  an  excess  of 
distillate.  The  unit  costs  are  high  on  accoimt  of  the  small  area  irrigated.  The  plant 
is  well  kept,  and  with  more  extensive  irrigation  operations  would  give  excellent  results. 

If  AHD  M.  HOOAH  BB08.,  LODI,  OAL.  (IfM). 

JDoco^ion.— SW.  i  sec.  19,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 12-horBepower  Fairbanks-Morse  distillate  engine,  22-inch  puUey;  belt-con- 
nected to  a  5-inch  Krogh  ''Pacific"  horizontal  centrifugal  pump  with  10-inch  pulley, 
catalogue  capacity  500-950  gallons  per  minute.  Well,  bored,  12  inches  by  46  feet, 
uncased ;  water  9  feet  below  the  surface. 

Building  cost. — Complete  plant,  $1,000. 

Use  in  1910.— In  conjunction  with  plant  No.  21,  for  the  irrigation  of  30  acres  of 
alfalfa,  5  acres  of  strawberries,  and  5  acres  of  garden  truck. 

Tests, — ^The  following  raeults  were  obtained  from  a  1.5-hour  test  of  the  plant  on 
October  5, 1910,  and  a  2-hour  test  on  October  14, 1910,  respectively. 

Consumption  of  distillate,  gallons  per  hour,  1.67-2.12. 

Water  pumped,  gallons  per  minute,  710-640. 

Speed,  revolutions  per  minute:  Engine,  267-271  (117-124  explosions);  pump, 
567-577  (catalogue  speed,  524). 

Head:  3.5-foot  lift;  24.5-foot  suction.    Total  static  head,  28  feet. 

Remarks. — ^The  engine  is  an  old  one.  The  cylinder  has  been  rebored  and  at  the 
time  of  the  test  needed  repacking  as  It  allowed  considerable  escape  of  gases.  An 
excess  of  distillate  was  being  used.  The  efficiency  of  the  plant  was  low,  but  the  unit 
costs  are  better  than  for  many  neighboring  plants  because  a  laiger  relative  area  is 
irrigated. 

n,  HOOAH  BROS.,  LODI,  CAL.  (If<l9). 

Location.—SW.  {  sec.  19,  T.  3  N.,  R.  7  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 12-hor8epower  Union  vertical  distillate  engine,  18-inch  puUey;  belt-con- 
nected to  a  5-lnch  Globe  horizontal  centrifugal  pump  with  14-lnch  pulley.  Well, 
bored,  12  to  6  Inches  by  55  feet,  cased  25  feet;  water  12  feet  below  the  surface. 

Building  co»^— Complete  plant,  $1,000. 

Use  in  1910.— In  conjunction  with  plant  No.  20,  for  the  irrigation  of  30  acres  of 
alfalfa,  5  acres  of  strawberries  and  5  acres  of  garden  truck. 

Test. — ^The  following  results  were  obtained  during  a  1.5-hour  test  of  the  plant  on 
October  14,  1910. 

Consumption  of  distillate,  gallons  per  hour,  1.38. 

Water  pumped,  gallons  per  minute,  500. 

Speed,  revolutions  per  minute:  Engine,  343;  pump,  427. 

Head:  2-foot  lift;  25-foot  suction.    Total  static  hea<l,  27  feet. 
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Rimarh,-—ThiB  plmnt  is  operating  at  low  efficiency.  This  is  probably  due  in  part 
to  the  great  suction  lift  approaching  the  limit  of  practicable  operation,  and  in  part  to 
the  low  speed  of  the  pump.  The  economic  dischaige  and  speed  of  pump  are  not 
known,  but  it  is  probably  considerably  underspeeded  and  working  at  low  efficiency 
to  develop  a  relatively  small  discharge. 

tt.  X.  p.  TTLX&  (1010). 

Location.— Lot  233,  Merced  Colony;  NE.  i  sec.  6,  T.  8  S.,  R.  14  E.,  Mount  Diablo 
base  and  meridian. 

?/(nU.— 35-horBeiy>wer  General  Electric  Co.  induction  motor,  9i-inch  pulley; 
belt<?onnected  to  a  10-inch  Jackson  horizontal  centrifugal  pump  with  21-inch  pulley, 
catalogue  capacity,  3,000  gallons  per  minute.  Wells,  bored,  one  12  to  10  inches  by 
172  feet,  one  12  to  8  inches  by  292  feet,  one  12  to  8  inches  by  220  feet,  all  cased  40 
to  50  feet;  water  6  feet  below  the  surface. 

Building  cost, — ^Wells,^680;  house,  $150;  installation,  $220;  pump,  motor,  and  trans- 
ktmeoy  $1,950;  complete  plant,  $3,000. 

U$e  in  1910, — Irrigation  of  4  acres  of  alfalfa  and  as  demonstration  pumping  plant  for 
Merced  .Colony.    Will  be  used  to  irrigate  all  crops  on  a  ranch  of  174  acres. 

Tett.—The  following  results  were  obtained  during  a  test  of  the  plant  on  October  18, 

mo. 

Current  used,  kilowatt-hours  per  hoiu*,  28  (owner 's  record  for  season). 

Wattf  pumped,  gallons  per  minute,  2,160. 

Speed,  revolutions  per  minute:  Motor,  1,160;  pump,  550  (catalogue  speed,  550). 

Head:  5-foot  lift;  23-foot  suction.    Total  static  head,  28  feet. 

Remarks. — ^This  plant  operates  with  only  fair  efficiency,  and  though  the  pump  is 
apparently  ipeeded  properly  the  discharge  is  far  below  the  catalogue  capacity.  There 
were  some  indications  of  air  leakage  in  the  suction  pipe,  but  the  cause  of  the  poor 
renltB  was  not  ascertained  with  certainty.  Electric  current  was  obtained  at  the  rate 
ol  3  cents  per  kilowatt-hour  delivered.  The  plant  costs  were  hi^  in  1910,  but  with 
increase  in  area  irrigated  as  proposed  will  be  reduced  to  reasonable  amounts. 

tt.  W.  &.  OZRABD,  MXaOSD,  CAL.  (IflO). 

Location.— Lot  185,  Merced  Colony;  SW.  i  sec.  32,  T.  7  8.,  R.  14  E.,  Mount  Diablo 
base  and  meridian. 

Plant. — ^lO-hoisepower  General  Electric  Co.  induction  motor.  Scinch  pulley;  belt- 
connected  to  a  5-inch  Samson  horizontal  centrifugal  pump  with  14-inch  pulley;  cata- 
logne  capacity  600-700  gallons  per  minute.  Well,  bored,  12  inches  by  235  feet,  cased 
for  about  50  feet;  water  6  feet  below  the  surface. 

BuUding  ooa^— Transformen^,  $131;  motor,  $209;  pump  and  accessories,  including 
digging  pit  and  installing  pump  and  motor,  $206;  building,  $50;  well  and  casing, 
1174;  miscellaneous  supplies  and  labor,  $38;  complete  plant,  $808. 

Uh  in  1910. — Irrigation  of  18  acres  of  alfolfa. 

Test.— The  following  results  were  obtained  during  a  1-hour  test  of  the  plant  on 
October  18,  1910. 

Current  used,  kilowatt-hours  per  hour,  8.6. 

Water  pumped,  gallons  per  minute,  630. 

Bpeed,  revolutions  per  minute:  Motor,  1,160;  pump,  700  (catalogue  speed,  581). 

Head:  3.5-foot  lift;  16.5-foot  suction.    Total  static  head,  20  feet. 

i^ewartf.— This  plant  was  in  good  condition  when  tested.  The  pump  is  apparently 
■^tly  oveispeeded  but  no  reason  for  appreciable  lack  of  efficiency  was  apparent. 
Nererthdess  the  recorded  efficiency  was  very  low.  The  record  of  current  used,  how- 
ler, was  taken  from  a  meter  reading  without  other  tests  and  is  probably  too  high.  A 
""rter  reading  of  about  6  kilowatt-houn  would  have  indicated  a  satisfactory  efficiency. 
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M.  S.  M.  PATE,  MERGED.  CAL.  (1M6). 

Lorotum.— N  W.  J  sec.  21,  T.  8  S.,  R.  13  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 15-horeepower  Samson  distillate  engine,  28-inch  pulley;  belt-connected  to 
a  6-inch  Samson  horizontal  centrifugal  pump  with  12-inch  pulley,  catalogue  capacity 
800-1,000  gallons  per  minute.  Well,  bored,  12  inches  in  diameter;  water  15  feet 
below  the  surface. 

Building  cost. — Complete  plant,  estimated,  $760. 

Use  in  1910. — Irrigation  of  several  acres  of  al&ilfa. 

Test. — The  following  results  were  obtained  during  a  te$*t  of  the  plant  on  October  19, 
1910. 

Water  pumped,  gallons  per  minute,  765. 

Speed,  revolutions  per  minute:  Engine,  231;  pump,  547  (catalogue  speed,  592). 

Head:  9-&>ot  lift;  21-foot  suction.    Total  static  head,  30  feet. 

Remarks. — No  measurement  or  owner's  record  of  use  of  distillate  could  be  obtained. 
The  pimip  is  slightly  undeispeeded  and  operates  below  economical  capacity. 

tt.  JESSE  BODEBIGS,  MERCED,  CAL.  (1907). 

Looorion.— NW.  J  sec.  10,  T.  7  S.,  R.  13  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 12-hor8epower  Samson  distillate  engine,  24-inch  pulley;  belt-connected  to 
a  6-inch  Samson  horizontal  centrifugal  pump  with  12-inch  pulley,  catalogue  capacity 
800  to  1,000  gaUons  per  minut«.  Well,  bored,  10  to  7  Lnches  by  84  feet,  cased  71  feet; 
water  9  feet  below  the  siu^ace. 

Building  cost. — Well  and  casing,  $68;  building,  $66;  complete  plant,  $700. 

Use  in  1910. — Irrigation  of  9  acres  of  grapes  once,  16  acres  of  sweet  potatoes  once  a 
week,  and  3  acres  of  alfalfa  Gve  times. 

Test. — ^The  following  results  were  obtained  during  a  1.5-hour  test  of  the  plant  on 
October  20,  1910. 

Consumption  of  distillate,  gallons  per  hour,  1.61. 

Water  pumped,  gallon:^  per  minute,  400. 

Speed,  revolutions  per  minute:  Engine,  232;  pump,  460  (catalogue  speed,  575). 

Head:  8-foot  lift;  20-foot  suctiou.    Total  static  head,  28  feet. 

Remarks. — During  the  latter  part  of  the  test  the  engine  was  speeded  up  to  256  revo- 
lutions per  minute  and  the  discharge  increased  to  450  gallons  per  minute  with  4  feet 
additional  draw  down.  The  speed  regulator  on  the  engine  was  worn  so  that  normal 
speed  could  not  be  maintained,  the  extra  speed  during  the  latter  part  of  the  test  being 
secured  by  a  temporary  makeshift. 

Though  the  pump  is  imderepeeded  it  is  apparently  not  producing  the  discharge  that 
it  should  and  probably  needs  careful  overhauling.  The  engine  is  using  an  excess  of 
distillate  and  leaks  badly  around  the  piston.  The  efficiency  is  low.  The  plant  is  too 
large  for  the  owner's  use  as  he  states  that  the  discharge  is  as  great  as  he  can  take  care  of 
to  advantage.  An  8-horBepower  engine  and  a  4-inch  pump  would  be  a  much  more 
suitable  and  economical  installation  for  this  plant. 

S6.  A.  L.  SATRE,  MADERA,  CAL. 

Location.—SE.  i  sec.  31,  T.  11  S.,  R.  18  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 50-hor8epower  electric  motor,  16-inch  pulley;  belt-connected  to  a  10-inch 
Jackson  horizontal  centrifugal  pump  with  14-inch  pulley,  catalogue  capacity  3,900 
gallons  per  minute.  Three  wells,  bored,  10  to  12  inches  by  110  feet,  uncased; 
water  19  feet  below  the  general  surface;  pump  installed  in  1903;  electric  machinery 
in  1909. 

Building  cost.— Transformers,  $660;  motor,  $550;  wiring,  etc.,  $150;  pump,  about 
$550;  complete  plant,  $3,000.  A  gas  producer  and  gas  engine  costing  $2,800  formeriy 
operated  the  plant  but  have  been  discarded  for  electric  machinery. 
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Uk  in  iP/(>.— Irrigation  of  225  acres  of  vinejrard  once,  and  450  acres  of  alfalfa  five 
timeB,  and  55  acres  of  hay  and  so^hum  twice.  Operated  almost  continuously  from 
March  or  April  to  October. 

Te^.—The  following  results  were  obtained  during  a  3.5-hour  test  of  the  plant  on 
October  21,  supplemented  by  a  brief  test  on  October  23, 1910. 

Current  used:  36.6  kilowatt-hours  per  hour  by  meter  measurement,  equivalent  to 
49.0  horaepower. 

Water  pimiped,  gallons  per  minute,  2,300. 

Speed,  revolutions  per  minute:  Motor,  689;  pump,  800  (catalogue  speed,  650). 

Head:  19.5-foot  lift;  21.5-foot  suction.  Total  static  head,  41  feet.  Suction  head 
by  gag«»  22.5  inches  of  mercury  or  25.5  feet;  hence  total  head  including  friction  is 
about  45  feet. 

Remarka. — After  the  test  on  October  21  the  owner  protested  that  the  measurement 
of  water  must  be  in  error.  Accordingly  a  second  measurement  was  made  on  October 
23  with  essentially  the  same  result.  Every  precaution  was  taken  to  insure  accurate 
molts,  and  there  can  be  no  serious  doubt  of  the  recorded  flow.  The  pump  is  operated 
at  excessive  speed  and  should  under  these  conditions  give  a  discharge  of  more  than 
3,000  gallons  per  minute,  but  presumably  on  account  of  wear  and  groat  suction  lift 
the  actual  discharge  does  not  exceed  2,300  gallons  per  minute.  As  the  plant  is  oper- 
ated almost  continuously  throughout  the  irrigation  season  to  water  a  large  area  the 
unit  costs  are  low.  The  water-right  charge  or  building  cost  amount  to  only  $7.50  per 
acre  and  the  cost  of  operation  and  maintenance,  including  depreciation,  renewals,  and 
repairs,  amounts  to  only  $3.60  per  acre,  or  $1.50  per  acre-foot  of  water  pumped. 
Irrigatbn  can  scarcely  fail  to  be  profitable  on  such  terms  even  with  crops  of  relatively 
small  value. 

This  plant  had  a  larger  discharge  than  any  other  tested  and  was  so  operated  as  to 
give  irrigation  costs  that  could  be  compared  favorably  with  those  of  any  other  plant 
in  the  valley  working  under  similar  conditions  as  to  head  and  rate  charged  for  power. 

17.  H.  W.  FATTS&SOH,  BORDXIT,  CAL. 

location.— SW.  }  sec.  8,  T.  12  8.,  R.  18  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 42-h<HBepower  steam  traction  engine,  40.5- inch  pulley;  belt-connected  to 
an  8-inch  Jackson  horizontal  centrifugal  pump  with  15.5-inch  pulley,  catalogue 
capacity,  1,600  gallons  per  minute.  Wells,  bored,  10  inches  by  96  feet  and  10 
inches  by  134  feet;  water  22  feet  below  the  surface.  Reservoir  with  earth  embank- 
ments and  capacity  of  about  1,000,000  gallons,  used  to  collect  water  pumped  at  night; 
pump  installed  in  1904;  engine  purchased  in  1909. 

BuUdmg  coat. — Complete  plant,  $3,500. 

Ute  in  1910. — Irrigation  of  30  acres  of  orchard  twice,  50  acres  of  alfalfa  four  times, 
and  40  acres  of  com  and  barley  once. 

7Va«.— -The  following  results  were  obtained  during  a  test  of  the  plant  on  October  24, 
1910. 

Consumption  of  crude  oil,  gallons  per  hour,  14.00  (owner's  record  from  test  run  of 
15.5  hours). 

Water  pumped,  gallons  per  minute,  1,320. 

Speed,  revolutions  per  minute:  Engine,  229;  pump,  688  (catalogue  speed,  695). 

Head :  19.5-foot  lift,  20.5-foot  suction  (19  inches  by  gage).    Total  static  head,  41  feet. 

Remarh.— 'This  is  one  of  the  few  steam  pumping  plants  remaining  in  the  valley  and 
the  only  one  tested.  The  costs  are  not  materially  different  from  those  for  distillate 
or  electric  plants  under  similar  conditions,  but  the  additional  attention  required  in 
^  operation  of  a  steam  plant  is  responsible  for  its  general  unpopularity. 

The  pump  is  underspeeded  and  produces  a  relatively  low  discharge. 
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tt.  ■.  W.  SSAOOS,  BOBBBBT,  OAL.  (lH7-t). 

Locolum.— ^E.  i  Bee.  6,  T.  12  S.,  R.  18  E.,  Mount  Diablo  base  and  mmdian. 

Plant. — SO-honepower  Samson  distillate  engine,  46-inch  pulley;  belt-connected  to 
a  6-inch  Price  horizontal  centrifugal  pump  with  10-inch  pulley.  Wella,  bofed,  112 
and  186  feet  in  depth,  cased;  water  14  to  18  feet  below  the  suHace. 

Building  co$t. — Complete  plant,  $3,200. 

U$e  in  /9/0.— Irrigation  of  60  acres  of  alfalfa  three  times.  (First  two  waterings  in 
season  given  from  gravity  supply.) 

Te$t. — ^The  following  results  were  obtained  during  a  2-hour  test  of  the  plant  on 
October  24,  1912. 

Consumption  of  distillate,  gallons  per  hour,  3.8. 

Water  pimiped,  gallons  per  minute,  780. 

Speed,  revolutions  per  minute:  Engine,  204;  pump,  905. 

Head :  16-foot  lift,  25.5-foot  suction  (by  gage) .    Total  static  head  about  42  feet. 

Remarki.—The  engine  was  using  an  excessive  amount  of  distillate  and  the  efficiency 
is  in  consequence  low.  Great  suction  lift  probably  also  contributes  to  the  low  effi- 
ciency.   The  building  and  operation  and  maintenance  costs  are  reasonable. 

».  WALTXXS  BB08.,  MADIKA,  CAL.  (IMI). 

Location,— Sec,  32,  T.  11  S.,  R.  18  E.,  Mount  Diablo  base  and  median. 

Pfant.— 45-horsepow3r  Hercules  distillate  engine,  70.5-inch  pulley;  belt-connected 
to  a  7-inch  California  (Krogh)  horizontal  centrifugal  pump  with  2Q-inch  pulley. 
Wells,  bored,  10  inches  by  104  feet,  cased,  and  10  inches  by  174  feet,  cased  to  134 
feet;  water  22  feet  below  the  surface. 

Building  cost, — Complete  plant,  $3,500,  including  $500  for  pump  pit. 

Use  in  1910. — Irrigation  of  50  acres  of  alfalfa  four  times;  35  acres  of  vineyard  once, 
and  15  acres  of  hay  and  barley  twice,  at  the  rate  of  0.35  acre  per  hour. 

Test. — ^The  following  results  were  obtained  during  a  test  of  the  plant  on  October 
25, 1910. 

Consumption  of  distillate,  gallons  per  hour:  4.00  (from  owner's  statement,  no  accu- 
rate measurement  being  obtainable). 

Water  pumped,  gallons  per  minute,  1,900. 

Speed,  revolution  per  minute:  Engine,  162;  pump,  565. 

Head:  Lift,  21  feet;  suction,  25.5  feet  (by  gage).    Total  static  head  about  46  feet. 

Remarks. — ^The  efficiency  of  this  plant  appears  to  be  very  high  but  both  use  of  dis- 
tillate and  discharge  are  open  to  question.  The  plant  is  well  operated  and  gives  good 
results  as  to  cost  when  the  head  is  considered. 

SO.  VAXXB-VSRDX  nTTSSTHXHT  CO.,  ntSSVO,  OAL.  (IMI). 

Xoco/ion.— Near  Mendota,  Cal.,  in  sec.  2,  T.  14  S.,  R.  14  E.,  Mount  Diablo  base  and 
meridian. 

Plant. — 75-horsepower  Samson  vertical  3-cylinder  distillate  engine,  40-inch  pulley; 
belt-connected  to  an  8-inch  Jackson  double-suction  vertical  centrifugal  pump  with 
13-inch  pulley;  catalogue  capacity,  1,600  gallons  per  minute.  Wells,  bored,  12 
inches  by  380  feet  and  450  feet,  cased  and  80  feet  of  casing  perforated;  9.6  inches  by 
414  feet,  cased  and  80  feet  of  casing  perforated  and  wrapped  spirally  with  wire  of 
triangular  cross  section;  water  52  feet  below  the  surface. 

Building  cost. — Complete  plant,  $6,500,  including  $1,500  for  the  two  12-inch  wells 
and  $1,800  for  the  third  well. 

Use  in  1910. — Irrigation  of  2  acres  of  alfalfa  eight  times,  6  acres  of  broom  com  twice, 
40  acres  of  Egyptian  com  twice,  10  acres  of  KafEr  com  three  times,  and  a  half  acre 
of  garden  twelve  times. 

Test.— The  following  results  were  obtained  diuing  a  test  of  the  plant  on  October  27, 
1910. 
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CoDsmnptioii  of  distillate,  gallons  per  hour,  7.27. 

Water  pumped,  gallons  per  minute,  1,060. 

Head:  61-foot  lift;  31-foot  suction  (by  gage).    Total  static  head  about  82  feet. 

Banarh,—'TbiB  plant  is  the  only  one  on  the  ''west  side*'  that  was  tested.  The 
d^th  to  water  is  over  50  feet  and  the  flow  of  water,  occurring  in  fine  sand,  is  not  free. 
Thfb  two  wells  without  special  casing  give  a  comparatively  small  flow  because  of 
digging  with  sand.  The  third  well  gives  much  better  results,  being  fitted  with  a 
apedal  screen  such  as  is  described  by  Bowman.  *  After  all,  however,  the  suction  head 
11  excenive  and  accounts  for  the  fairly  low  efficiency  of  the  plant  and  the  small  dis- 
diaige  of  the  pump. 

The  building  cost  of  the  plant  is  about  $34  per  acre  of  land  that  it  will  irrigate, 
thousJi  with  the  small  area  now  watered  the  cost  is  over  $100  per  acre.  The  cost  of 
operation  and  maintenance  is  now  about  $8.40  per  acre-foot  of  water  pumped  but 
could  be  reduced  to  $4.10  per  acre-foot  if  operated  for  the  irrigation  of  a  laiger  area. 
Hie  costs,  even  under  the  best  conditions,  mtist  be  a  relatively  high  proportion  of 
the  value  of  ordinary  crops  raised  and  every  care  should  be  taken  to  secure  economy 
in  the  operation  of  such  a  plant  if  it  is  to  be  used  successfully. 

n.  B08EDAXJB  WATXB  CO.,  P0&TEB8VXZXB,  CAL.  (1817). 

LoeaHon.—^ec.  3,  T.  22  S.,  R.  28  £.,  Mount  Diablo  base  and  meridian. 

PIovU.— 20-horsepower  Weetinghouse  induction  motor;  direct-connected  to  a  4-inch 
Cafifomia  (Kro^)  horizontal  centrifugal  pump.  Wells  located  adjacent  to  and  on 
both  sides  of  Tule  River  as  follows:  Dug  well  28  feet  deep;  bored  well  12  inches 
by  35  feet;  shaft  or  dug  well  18  feet  deep.    Wells  connected  by  tunnel  or  piping. 

BuUdmg  coH. — Complete  plant  estimated,  $1,300,  not  including  extensive  system 
far  water  delivery. 

Uie  in  1910. — Op^tited  continuously  from  April  to  October  15  for  four  and  five 
vatmngs  of  22  citrus  orchards  aggregating  177  acres  in  area. 

fet<.— The  following  results  were  obtained  diuing  a  test  of  the  plant  on  November 
3,1910. 

Cunent  used,  horsepower,  23.00  (from  power  company's  bill),  equivalent  to  17.15 
Ulowatt-houiB  per  hour. 

Water  pumped,  gallons  per  minute,  565. 

Speed,  of  motor  and  pump,  revolutions  per  minute,  1,125. 

Head:  74-foot  Hft;  5-foot  suction.    Total  static  head,  79  feet. 

Bemarks, — ^This  plant  is  owned  and  operated  in  cooperation  by  22  orchardists. 
Eich  pajrs  to  the  cooperative  oiganization  50  cents  per  hour  for  the  time  that  water 
IB  supplied  by  the  plant  to  his  lands.  In  this  manner  all  receive  irrigation  water 
nmch  more  economically  than  if  each  owned  a  plant  for  his  own  exclusive  use. 
Being  operated  continuously  throughout  the  irrigation  season  the  cost  of  pumping 
water  amounts  to  less  than  ^.50  per  acre-foot  even  though  the  head  is  79  feet.  The 
weOs  are  located  on  the  edge  of  Tule  River  and  generally  give  a  full  supply  of  water 
with  Uttle  drawdown.  The  water  level  fluctuates  considerably  during  the  season, 
however,  and  the  plant  can  not  be  run  at  full  capacity  at  all  times.  The  water  is 
pomped  through  900  feet  of  12-inch  pipe  to  the  highest  land  to  be  irrigated  and 
then  flows  in  open  cement  flumes  to  the  various  orchards. 

tt.  D.  O.  SBTTLBMZXX,  P0&TEB8VXZXB,  CAL.  (1110 

location.— SW.  i  sec.  12,  T.  22  S.,  R.  27  £.,  Mount  Diablo  base  and  meridian. 

PIotU.— 12-horBepower  Fairbanks-Morse  distillate  engine;  belt-connected  to  a 
l^wnie  geared  double  pump  head.  Well,  bored,  12  inches  by  180  feet;  water  33  feet 
t^^low  the  surface. 

*  Bofwman,  laaiah,  WetKdriUlng  methods:  U.  8.  G«>L  Survey  Watcr^upply  Paper  257,  p.  98, 1911. 
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BuUding  eoif.^Oomplete  plant,  $2,500. 

Ufe  in  1910, — Irrigation  of  9  acree  of  young  orange  trees  and  nnall  garden  five 
times.    Will  be  utilixed  for  irrigation  of  about  40  acres. 

TVtt. — ^The  following  results  were  obtained  during  a  test  of  the  plant  on  NoTember 

S,  1910: 

Consumption  of  distillate,  gallons  per  hoar,  1.00  (owner's  leoofd,  no  satisfMtory 
measurement  being  obtainable). 

Water  pmnped,  gallons  per  minute,  165. 

Speed:  Engine,  264  revolutions  per  minute  (66  explosions);  pump,  strokes  per 
minute,  32. 

Head :  Cylinder,  100  feet  below  pump  head.    Total  static  head,  about  50  feet. 

RemarU.—'^e  test  of  this  plant  was  not  wholly  satisfactory.  The  pump  was  evi- 
dently discharging  far  below  its  rated  capacity  and  the  engine  working  on  a  very  light 
load .  The  efficiency  was  consequently  low.  The  small  discharge  could  be  explained 
satis&tctorily  by  a  worn-out  or  clogged  valve  or  other  similar  condition  at  the  cylinder. 

Under  the  conditions  of  operation  in  1910  the  costs  of  irrigation  were  excesdve. 
With  the  pump  in  good  condition  and  the  entire  40-acre  tract  irrigated,  however,  the 
costs  would  be  reasonable. 

St.  O.  A.  MARTXV.  P0RTXR8VILLB,  CAL.  (IMI). 

Locotum.— SE.  \  sec.  12,  T.  22  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

P2ant.— 3-horsepower  Fairbanks-Morse  induction  motor;  belt-connected  to  a  single- 
action  Krogh  pump  head  with  19-inch  stroke.  Well,  bored,  10  inches  by  100  feet; 
water  60  feet  below  the  surface. 

Building  <»»(.— Complete  plant,  $900. 

U9e  in  i9/0.— Irrigation  of  7  acres  of  oranges  and  3  acres  of  garden  truck  five  times 
at  the  rate  of  0.042  to  0.037  acre  per  hour. 

Test.— The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
4,  1910: 

Current  used,  3.3-horBepower  (from  power  company's  bill),  equivalent  to  2.46  kilo- 
watt-hours per  hour. 

Water  pumped,  gallons  per  minute,  38.3. 

Speed:  Motor,  revolutions  per  minute,  1,800;  pump,  strokes  per  minute,  21. 

Head:  Cylinder,  94  feet  below  the  pump.    Total  static  head,  about  70  feet. 

Remarks,— The  efficiency  of  this  plant  is  very  low,  but,  aside  from  the  small  size  of 
the  machinery,  no  poor  working  conditions  were  apparent.    The  costs,  though  high, 
are  no  doubt  warranted  by  the  relatively  high  returns  from  citrus  culture. 
M.  &.  W.  JOB,  PORTX&SVILLS.  CAL.  (1110). 

Location,'-iiE,  \  sec.  13,  T.  22  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

Ptent .—15-horsepower  General  Electric  induction  motor;  belt-connected  to  a 
No.  3  double-action  straight-line  deep- well  pump  with  30-inch  stroke.  Well,  bored, 
12  inches  by  285  feet;  water  80  feet  below  the  surbice. 

Building  cost.— Pump  and  motor,  $2,400;  well,  $900;  complete  plant,  $3,500. 

Uu  in  1910, — Irrigation  of  80  acres  of  yoimg  orange  trees  five  to  six  times. 

Test. — ^The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
4,  1910: 

Current  used,  15.32-horsepower  (from  power  company's  bill),  equivalent  to  11.43 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  210. 

Speed:  Motor,  1,185  revolutions  per  minute;  pmnp,  16.5  strokes  per  minute. 

Head :  Cylinder,  120  feet  below  the  pump.    Total  static  head,  about  140  feet. 

Remarks, — ^This  plant  operates  with  satisfactory  efficiency,  and  the  costs  of  irrigatioD 
are  reasonable  for  citrus  culture. 


Digitized  by  VjOOQIC 


PUMPING   TESTS.  157 

If .  BXJLOHXRVS  WATZR  CO..  PO&TZRSVXZXS,  OAL.  (1M7). 

Lomtwn.—SE.  i  sec.  23,  T.  21  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

PImU, — ^15-horBepower  Westinghouse  induction  motor;  belt-connected  to  a  No.  30 
pover  head  Amea  deep-well  pump  with  24-inch  stroke.  Well,  bored,  10  inches 
by  112  feet;  water  about  60  feet  below  the  surface. 

BuUdmg  coit, — ^Pump,  motm*,  etc.,  $2,325;  well  and  12  acres  of  land,  $1,200;  com- 
plete pumping  plant,  about  $3,500;  complete  system,  including  pimiping  plant, 
1.200  feet  of  S-inch  wood-stave  pipe,  about  6,600  feet  of  cement  flimie,  and  12  acres 
of  knd,  $4,800. 

Uu  hi  7970.— Operated  practically  continuously  from  April  to  October,  inclusive, 
\a  the  irrigation  of  45  acres  of  oranges. 

TetH.—The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
5, 1910:       . 

Current  used,  16.00  horsepower  (from  power  company*s  bills),  equivalent  to  11.9 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  172. 

Speed:  Motor,  1,133  revolutions  per  minute;  pimip,  22  strokes  per  minute. 

Head:  80  feet  below  and  125  feet  above  the  power  head.  Total  static  head  about 
205  feet. 

iianar^.— This  plant  piunps  water  through  1,200  feet  of  8-inch  wood-stave  pipe 
to  a  hill  crest  from  which  it  flows  through  about  6,600  feet  of  cement  flume  to  five 
citrus  orchards  aggregating  45  acres.  The  plant  is  owned  and  operated  by  a  coopera- 
tive stock  company,  the  stockholders  being  owners  of  the  lands  irrigated.  Each 
iirigatcH'  is  assessed  $2  per  acre  per  month  for  water  service.  The  stave  pipe  leaks 
appreciably,  but  the  plant,  nevertheless,  shows  high  efficiency.  The  costs  of  opera' 
tion,  thou^  hi^  per  acre  of  land  irrigated  on  account  of  the  great  lift,  are  warranted 
by  the  value  of  the  citrus-fruit  production. 

M.  KILO  PUMP.  PO&TXXSTILLB.  OAL.  (UM). 

looBtim.— NW.  \  sec.  23,  T.  21  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

PhnU. — SO^horsepower  Westinghouse  induction  motor;  direct-connected  to  a  4-inch 
Price  horizontal  centrifugal  pump.  Well,  bored,  12  inches  by  165  feet,  water  30  feet 
below  the  surface. 

Building  otwa.— Complete  plant,  $3,500. 

Uk  in  1910. — Irrigation  of  100  acres  of  citrus  orchards. 

TuU.—The  following  results  were  obtained  during  tests  on  the  high  and  low  lifts 
on  November  5, 1910: 

Current  used,  30.10  horsepower  (from  power  company^s  bills),  equivalent  to  22.5 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute:  High  lift,  410;  low  lift,  383. 

Speed:  Motor  and  pump,  868  revolutions  per  minute. 

Head:  02-foot  (high)  lift;  25.5-foot  (low)  lift;  25-foot  suction.  Total  static  head, 
U7  feet  (high)  and  50  feet  (low). 

Remarks. —This  plant  pumps  water  for  a  small  area  under  the  low  lift  at  the  pump- 
ing plant  and  for  90  or  more  acres  under  the  high  lift  through  700  feet  of  12-inch  wood- 
ttive  pipe  to  a  cement  ditch  from  which  distribution  Lb  made  to  the  several  orchards. 
An  MBeflsment  of  $1.75  per  acre  per  month  is  made  for  water  service.  Among  the 
expenses  of  operation  are  the  wages  at  $22.50  per  month  of  a  superintendent,  who 
operates  the  plant  and  distributes  the  water.  The  efficiency  of  the  plant  is  good 
uid  the  costs  are  reasonable  for  the  lift. 
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17.  OOPO  DX  OmO  WATXB  CO.,  FOmTXBSVXLLB,  OAL. 

Loootum.— SW.  i  sec.  14,  T.  21  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

Plant, — SO-horsepower  Westiiighouse  motor;  belt-connected  to  a  double  plunger 
Ames  pump  head,  11-inch  cylinder,  28-inch  stroke.  Well,  dug  60  feet,  then  tonnded 
and  drilled  in  rock  to  about  150  feet*  Tvater  enters  about  50  and  150  feet  and  stands 
20  to  30  feet  below  surface. 

BuUding  cost.— Complete  plant,  |6,000. 

U$e  in  i910.— Irrigation  of  citrus  orchards.  Water  useiv  chaiged  |1  per  hour  for 
use  of  plant. 

Test. — ^The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
6, 1910: 

Current  used:  23.00  horsepower  (from  power  company's  bill),  equivalent  to  17.15 
kilowatt-houis  per  hour. 

Water  pumped,  gallons  per  minute,  237. 

Speed:  Motor,  revolutions  per  minute,  893;  pump,  25  strokes  per  minute. 

Head:  Cylinder  60  feet  below  the  pump.    Total  static  head  about  147  feet. 

Remarks. — This  plant  is  located  in  the  center  of  an  area  of  citrus  orchards  in  a  nar- 
row depression  between  two  hills.  The  location  is  not  favorable  for  an  abundant 
water  supply.  Water  is  pumped  throu^  about  1,000  feet  of  pressure  pipe  to  a  con- 
crete flume  on  the  hillside  at  the  upper  edge  of  the  citrus  orchards.  The  flume  is 
well  constructed  and  carries  the  water  perhaps  a  mile  to  the  most  distant  orchard 
irrigated.  A  new  plant  more  favorably  located  for  water  supply  has  been  built  by 
the  company  but  was  not  in  operation  when  visited.  Detailed  operation  statistics 
were  not  available. 

SI.  axnnmiDX  watxb  go.,  PomTXXSVXzxs,  oal. 

Zocorion.— SW.  \  sec.  14,  T.  21  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

P2atU.MK)-horBepower  Westin^ouse  motor;  belt-connected  to  two  No.  30  power- 
head  Ames  double  plunger  pumps  with  24-inch  stroke.  Three  wells,  bored,  12  inches 
by  100  to  150  feet;  water  30  to  50  feet  below  the  surface. 

Building  owe.— Complete  plant,  $6,000  (?). 

Use  in  1910. — Irrigation  of  orange  orchard  five  times. 

Test.— The  following  results  were  obtained  during  a  test  of  the  plant  on  November  5, 
1910. 

Water  pumped,  gallons  per  minute,  547. 

Speed:  Motor,  revolutions  per  minute,  898;  pump,  22  strokes  per  minute. 

Head:  Cylinder  100  feet  below  the  pump.    Total  static  head,  about  180  feet. 

Remarks. — Only  meager  information  as  to  this  plant  could  be  secured  at  the  time 
the  brief  test  was  made. 

».  1.  K.  XJULCH,  PO&TSBavnXX,  GAL. 

Location.— SW.  }  sec.  23,  T.  21  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

PUml. — 2-horBepower  vertical  Fairbanks-Morse  distUlate  engine;  belt-connected  to 
a  2-inch  Price  horizontal  centrifugal  pump.  Well,  bored,  6  inches  by  80  feet;  water 
10  feet  below  surface. 

Building  co«t.— Engine,  $120;  pump,  |35;  well,  $75;  complete  plant,  $250. 

Use  in  1910. — As  auxiliary  to  gravity  supply  for  3  acres  of  garden,  about  300  houn 
aggregate  run. 

Test. — The  following  results  were  obtained  during  a  test  of  the  plant  November  7, 
1910: 

Consumption  of  distillate,  gallons  per  hour,  0.15. 

Water  pumped,  gallons  per  minute,  23. 

Speed,  revolutions  per  minute:  Engine,  400  (87  explosions);  pump,  1,060. 
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Head:  4-foot  lift;  19-foot  suctbn.    Total  static  head,  23  feet. 

Bemarks.— This  is  a  fair  t3rpe  of  the  small  plant  suitable  for  use  in  truck  gardens. 
The  suction  pipe  was  evidently  leaking  air  somewhat  and  the  efi^iency  was  low. 
NevethelesB  the  plant  was  doing  good  service  as  an  auxiliary  to  a  gravity  water 
supply.  A  renewal  of  the  suction  pipe  would  probably  be  required  to  place  it  on 
an  efficient  working  basis. 

M.  1. 1.  AHDSB80H,  P0&TSB8VXZXB,  OAL.  (IflO). 

Loeatwn.—Sec.  23,  T.  21  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

P2an^.— 6-hocBepower  Victor  vertical  distillate  engine;  belt-connected  to  a  6-inch 
Jackson  horizontal  centrifugal  pump,  catalogue  capacity  400  gallons  per  minute.  Well 
bored  to  90  feet  but  filled  to  43  feet  depth. 

Buildmg  oo»<.— Engine  and  pump,  $400;  complete  plant,  $500. 

Uie  in  1910. — Supplement  to  gravity  supply  on  17.5  acres  of  orchard  and  garden. 

Tes^.— The  following  results  were  obtained,  during  a  test  of  the  plant  on  November 
7, 1910: 

Consumption  of  distillate,  gallons  per  hour,  0.92  (owner's  record). 

Water  pumped,  gallons  per  minute,  406. 

Speed,  revolutions  per  minute:  Engine,  370. 

Head:  9-foot  lift;  22-foot  suction.    Total  static  head,  31. 

Remarks. — This  plant  was  installed  in  July,  1910,  and  used  successfully  during  the 
season  as  a  supplement  to  a  gravity  supply.  The  plant  was  unhoused  and  not  in  the 
best  of  condition.  A  loose  belt  caused  excess  of  slip  and  consequent  loss  of  efficiency. 
Pump  speed  could  not  be  measured.  The  cost  per  acre,  though  high,  is  not  unreason- 
able. 

41.  BADOSB  ZBRIOATIOir  CO.,  VXAR  BZBTXK,  OAL. 

This  plant  is  eepecially  noteworthy  for  the  high  lifts.  Three  primary  pumping 
plants  lift  the  water  from  wells  for  the  irrigation  of  low  lands  and  to  a  reservoir  from 
^ch  a  fourth  plant  lifts  it  to  supply  laterab  at  elevations  of  66,  200,  247,  300,  and  412 
feet  above  the  pumps.  The  maximum  irrigation  lift  is  about  490  feet.  As  originally 
plumed  there  were  laterals  at  elevations  of  530  and  586  feet  above  the  level  of  the 
pumps,  but  these  were  abandoned.  An  orange  orchard  of  190  acres  is  irrigated  by 
the  system,  which  is  reported  by  the  company  to  have  cost  $18,000.  The  irrigation 
season  is  about  five  and  a  half  months,  including  parts  of  April  and  October. 

The  foUowing  data  as  to  the  primary  plants  were  furnished  by  the  company: 

1.  7.5-hor8epower,  type  C,  Westinghouse  induction  motor,  operating  at  110  volts; 
6-inch  Jackson  horizontal  centrifugal  pump  (catalogue  capacity  400  gallons  per 
niinute). 

2.  IS-horsepower,  type  C,  Westinghouse  induction  motor,  operating  at  110  volts; 
Hooker  double-acting  deep-well  pump. 

3.  7.5-hor8epower,  type  C,  Westinghouse  induction  motor,  operating  at  110  volts; 
W.  T.  Garrett  single-acting  deep-well  pump. 

The  three  plants  use  about  28.4  horsepower  and  supply  about  2  second-feet  of  water- 
The  fourth  or  high-lift  plant  is  equipped  with  a  75-hor8epower,  type  C,  Westing, 
l^mse  induction  motor  operating  at  2,000  volts  and  two  W.  T.  Garrett  double-acting 
triplex  pimips.  These  pumps  are  reported  to  give  a  discharge  of  1.5  second-feet  at 
all  lifts  up  to  the  300-foot  level  and  1  second-foot  at  the  412-foot  level.  The  pulley 
^''ugement  is  such  that  speeds  suitable  to  the  various  lifts  may  be  given  to  the  pumps. 
The  cost  of  irrigation  is  necessarily  very  high  with  a  plant  operating  under  such  an 
unusual  head,  but  it  appears  to  be  warranted  by  the  returns  from  the  citrus  crops 
Siown.   The  company  officials  state  that  they  are  satisfied  with  the  results  obtained. 
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4t.  TOM  POOUX,  XZBTXB.  OAL  (tNI). 

Locatian.^SE,  i  eec.  2,  T.  19  S.,  R.  26  B.,  Mount  Diablo  base  and  meridian. 

Plant, — S-horsepower  General  Electric  induction  motor,  operating  at  220  volte; 
belt-connected  to  a  Garrett  single-acting  deep  well  pump,  8-inch  cylinder.  Well 
bored  12  inches  by  112  feet,  water  36  feet  below  the  surface. 

Building  cost.— Pump,  $540;  well,  $100;  complete  plant,  $1,400. 

Use  in  19/0.— Irrigation  of  garden,  orchard,  and  alfalfa. 

Test,— The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
9, 1910; 

Chirrent  used:  5.05  horsepower  (from  power  company's  bill),  equivalent  to  3.8 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  179. 

Speed:  Motor,  revolutions  per  minute,  1,167;  pump  strokes  per  minute,  29. 

Head:  Cylinder  60  feet  below  the  pump;  hft  13  feet.  Total  static  head,  about  60 
feet. 

Remarks. — ^This  plant  was  giving  satisfactory  results. 

4S.  P.  W.  PBS8T0H,  BZBTXK,  OAL.  (1M7). 

Location.— E.  i  NW.  i  sec.  2,  T.  19  S.,  R.  26  £.,  Mount  Diablo  base  and  meridian. 

Plant. — 10-horsepower  Fairbanks-Morse  distillate  engine,  39-inch  pulley;  belt- 
connected  to  a  4-inch  Price  horizontal  centrifugal  pump  with  8-inch  pulley.  Well, 
bored,  8  inches  by  90  feet  in  pit  35  feet  deep;  water  36  feet  below  the  surface. 

Building  co«^— Engine,  $550;  pump  and  pipe,  $151 ;  well  and  pit,  $200;  complete 
plant,  $1,000. 

Use  in  1910. — Irrigation  of  26  acres  of  citrus  fruits. 

Test. — The  following  results  were  obtained  during  a  2-hoiLr  test  of  the  plant  oo 
November  9,  1910: 

Consumption  of  distillate,  gallons  per  hour,  1.00  (^proximate). 

Water  pumped,  gallons  per  minute,  320. 

Speed,  revolutions  per  minute:  Engine,  274  (105  explosions);  pump,  1,320. 

Head:  37-foot  lift;  14-foot  suction.    Total  static  head,  51  feet. 

Remarks. — ^This  plant  was  giving  good  service.  It  is  of  sufficient  capacity  to  iiri- 
gate  a  considerably  larger  area  than  it  serves,  but  the  cost  per  acre  is  warranted  for 
citrus  culture. 

44.  L.  W.  SHAW,  XZITS&.  OAL.  (IMS). 

Location.— V:,  i  SW.  {  SE.  i  sec.  35,  T.  18  S.,  R.  26  £.,  Mount  Diablo  base  and 
meridian. 

Plant. — 8-hor8epower  Samson  distillate  engine,  28-inch  pulley;  belt-connected 
to  a  3i-lnch  Samson  horizontal  centrifugal  pump  with  7-inch  pulley,  catalogue  capacity 
of  250-300  gallons  per  minute.  Well,  bored,  10  inches  by  90  feet;  water  36  feet  below 
the  surface. 

BuiMireg  co«<.— Well,  $300;  complete  plant,  $1,000. 

Use  in  i9/(7.— Irrigation  of  15  acres  of  oranges  and  about  4  acres  of  alfalfa.  About 
800  gallons  of  distillate  used. 

Test. — ^The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
9,  1910: 

Consumption  of  distillate,  gallons  per  hour,  0.875. 

Water  pumped,  gallons  per  minute,  220. 

Speed,  revolutions  per  minute:  Engine,  263;  pump.  1,004. 

Head:  31-foot  lift;  24-foot  suction.    Total  static  head,  55  feet. 

Remarks. — The  efficiency  of  this  plant  was  only  fair.  The  pump  was  underspeeded, 
but  even  under  this  condition  the  water  vras  drawn  down  so  far  as  to  create  a  rather 
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large  siictidii  head.  The  machinery  was  apparently  in  good  condition,  the  faults  of 
the  plant  being  in  design.  The  pump  is  too  high  above  the  water  level  and  the  pulley 
axe  not  in  proper  ratio. 

45.  MB.  BRISCOX,  LZHDSAY,  CAL.  (1110). 

Loeation.—l^E.  i  sec.  30,  T.  19  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

Pfafii.— S-horsepower  General  Electric  induction  motor  direct-connected  to  a  2-inch 
type  B  Krogh  horizontal  centrifugal  pump,  catalogue  capacity  of  100  gallons  per 
mimite.    Well,  bored,  10  inches  by  80  feet,  filled  up  to  54-foot  depth. 

Building  cost, — Pump  and  motor,  $425;  well,  $300;  complete  plant,  $900.' 

Tat.— The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
10, 1910: 

Cuirent  used:  3.59  horsepower  (from  power  company's  bill),  equivalent  to  2.68 
kilowatt  hours  per  hour. 

Water  pumped,  gallons  per  minute,  116. 

Speed,  revolutions  per  minute,  1,800. 

Ilead:  28-foot  lift;  18-foot  suction.    Total  static  head,  46  feet. 

Remarh.—The  power  consumption  at  this  plant  is  unreasonably  high,  with  conse- 
quent low  efficiency.    The  cause  of  excessive  power  use  was  not  apparent. 

U.  O.  S.  OABD,  LZHDSAY,  CAL. 

LooBlum.— NW.  i  sec.  31,  T.  19  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

Pi«ni/.--3-horsepower  Bullock  motor  direct-connected  to  a  2-inch  Eclipse  horizontal 
centrifugal  pump.    Well,  bored,  10  inches  by  77  feet;  pit  32  feet  deep. 

Building  cost. — Complete  plant,  $350. 

U$€  in  1910. — Irrigation  of  20  acres  of  oranges  with  four  months'  steady  operation. 

r«/.— The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
10. 1910: 

Ouirent  used:  3.47  horsepower  (from  power  company's  bill),  equivalent  to  2.59 
kiiovatt  hours  per  hour. 

Water  pumped,  gallons  per  minute,  72. 

Speed,  revolutions  per  minute,  1,700. 

Head:  10-foot  lift;  30-foot  suction.    Total  static  head,  40  feet. 

Remarks. — The  pump  and  motor  were  installed  so  that  they  could  be  raised  or  low- 
ered by  eliding  in  a  frame.  When  tested  the  pump  and  motor  had  been  raised  nearly 
to  the  suriace  for  the  winter  and  was  practically  out  of  commission.  The  suction  head 
WM  therefore  very  great  and  the  indicated  efficiency  of  the  plant  low.  The  test  does 
not  show  what  the  plant  could  do  under  normal  conditions. 

47.  HILL  PLABT  OF  DB.  C.  B.  BOOT,  LINDSAY,  CAL. 

LoaUumB.—NE.  i  sec.  6,  T.  20  S.,  R.  27  E.,  Mount  Diablo  base  and  meridian. 

Plant, — 7i-hor8epower  Westinghouse  type  C  induction  motor;  belt-connected  to  a 
double-acting  Whitmer  deep-well  pump.  Well,  bored,  203  feet  deep;  water,  60  feet 
below  the  surface.    Discharge  through  750  feet  of  4-inch  pipe. 

Building  cost.— Well,  $200;  complete  plant,  $1,500. 

U$e  hi  1910. — In  conjunction  with  plant  No.  48,  used  for  the  irrigation  of  70  acres  of 
oranges. 

Test. — ^The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
10, 1910: 

Current  used:  7.44  horsepower  (from  power  company's  bill),  equivalent  to  5.55 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  96. 

98205°— wsp  398—16 11 
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Speed:  Motor,  revolutions  per  minute,  1,143;  pump,  strokes  per  minute,  32. 

Head:  75  feet  above  and  about  75  feet  below  the  power  head.  Total  static  head 
150  feet. 

Remoarls. — ^This  plant  has  been  in  use  several  years  and  has  given  reasonably  ntis- 
factory  service  throu^out. 

48.  LOW-LEVEL  PLAVT  OF  DR.  C.  B.  ROOT,  LIHD8AY,  CAL. 

Location.— NE.  i  sec.  6,  T.  20  S.,  R.  27  £.,  Mount  Diablo  base  and  meridian. 

Plant. — 7J-hor8epower  Westinghoiise  type  C  induction  motor;  belt-connected  to  a 
double-cylinder,  single-plunger  Garrett  deep-well  pump.  Well,  bored,  201  feet 
deep. 

Building  aw/.— Well,  $500;  complete  plant,  $1,500. 

Use  in  1910.— In  conjunction  with  phmt  No.  47,  used  for  the  irrigation  of  70  acres  of 
oranges. 

Test. — The  following  results  were  obtained  during  a  test  of  the  plant  on  November 

10,  1910: 

Current  used:  7.92  horsepower  (from  power  company's  bill),  equivalent  to  5.91 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  161. 

Speed:  Motor,  revolutions  per  minute:  1,165;  pump  strokes  per  minute,  28. 

Head:  25  feet  above  and  about  75  feet  below  the  power  head.  Total  static  head 
100  feet. 

Remarks. — ^This  is  a  well-kept  plant  that  gives  satisfactory  results.  The  pumped 
water  is  distributed  through  cement  pipe. 

41.  ROEDDTO  Sb  WOOD  HTTRSERY  CO..  EXETER,  CAL.  (IMI). 

Loorffon.— NE.  {  sec.  14,  T.  19  S.,  R.  26  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 40-horsepower  Western  distillate  engine;  belt-connected  to  a  No.  28  power 
head,  single-acting  Pomona  deep-well  pump.  Well,  bored,  15  inches  by  100  feet; 
cylinder  68  feet  down;  86  feet  to  main  aquifer. 

Building  cost.— Engine  and  pximp,  $3,370;  building,  $250;  well,  $500.  Complete 
plant  about  $4,120,  exclusive  of  iron-pipe  line  nearly  a  mile  long. 

Use  in  1910. — For  irrigation  of  13  acres  of  alfalfa  and  5  acres  of  citrus  nursery  at  plant 
and  about  160  acres  of  olives  and  nursery  at  high  levels;  being  used  as  supplement 
to  gravity  supply  on  100  acres  of  this  area. 

Test.'—'ThQ  following  results  were  obtained  during  a  test  of  the  plant  on  November 

11,  1910. 

Consumption  of  distillate,  gallons  per  hour,  1.50. 

Water  pumped,  gallons  per  minute,  393. 

Speed:  Engine,  revolutions  per  minute,  224  (28  explosions);  pump,  strokes  per 
minute,  18. 

Head:  5  feet  above  and  38  feet  below  the  pump  head.    Total  static  head,  43  feet 

Remarks. — ^The  plant  is  designed  for  operation  under  widely  differing  conditions. 
At  the  plant  about  25  acres,  chiefly  in  alfalfa  and  nursery  trees,  is  to  be  irrigated.  The 
greater  part  of  the  irrigable  area,  however,  is  located  at  the  edge  of  the  foothills,  nearly 
a  mile  distant.  The  owners  report  that  at  the  end  of  3,760  feet  of  7|-inch  pipe  the 
total  head,  including  friction,  is  173.5  feet,  and  the  pump  delivers  1.03  second-feet 
against  this  head  when  the  engine  uses  2.75  gallons  per  hoar  of  distillate.  An  addi- 
tional 1,000  feet  of  pipe  carries  the  water  to  a  level  150  feet  higher,  where  about  0.5 
second-foot  can  be  delivered.  The  test  made  was  on  the  lowest  lift,  where  the  opera* 
tion  would  be  least  economical. 
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M.  L4UBXL  COLOVT,  TTTLAXE,  CAL.  (IMI). 

loeofum.— Sec.  36,  T.  19  S.,  R.  23  E.,  Mount  Diablo  base  and  meridian. 

P&m/.— 10-hofsepower  Weetinghouse  type  C  induction  motor,  direct-connected  to 
a6-incfa  Krog^  CaUfomia  centrifugal  pump.    Well,  bored,  10  inches  by  465  feet. 

BuUding  cost.— Well,  $1,800;  machin^y,  $1,000;  complete  plant,  $3,000. 

Ute  in  7970.— Irrigation  (rf  320  acres,  chiefly  alfalfa  land. 

TVrf.— The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
14, 1910: 

Current  used:  14.00  horsepower,  equivalent  to  10.4  kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  910. 

Speed,  revolutions  per  minute,  UOO. 

Head:  Lift,  10  feet;  suction,  20  feet.    Total  static  head  30  feet. 

Remarks. — This  plant  is  noteworthy  for  the  relatively  high  cost  of  the  well.  It  is 
located  in  an  artesian  belt  and  the  water  rises  within  1.5  feet  of  the  surface.  Flow- 
ing wells  are  not  unusual  in  the  locality.  The  plant  is  operated  for  the  benefit  of  sev- 
eral settlers.  The  costs  per  acre  are  low,  the  capacity  duty  being  at)out  1  second-foot 
to  160  acres.  The  motor  is  run  at  considerable  overload.  A  second  plant  of  about  the 
aame  size  would  be  required  to  produce  maximum  3delds  from  the  entire  area  covered. 

»L  DK.  M.  8.  CHARLES,  TlTUkBB,  CAL.  (IflO). 

loeo/um.— Sec.  4,  T.  20  S.,  R.  24  £.,  Mount  Diablo  base  and  meridian. 

Plant. — ^3-horBepower  Westinghouse  type  CCL  induction  motor;  belt-connected  to  a 
2-inch  Golden  West  horizontal  centrifugal  pump.    Well,  bored,  5  inches  by  70  feet. 

Building  cost, — Motor  and  transformer  $210;  complete  plant,  including  460  feet  of 
4-inch  pipe,  $518. 

U$e  in  1910. — Irrigation  of  32  acres  of  garden  and  alfalfa  land. 

Teti. — ^The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
15, 1910: 

Current  used:  4.5  horsepower  (from  company's  test)  equivalent  to  3.36  kilowatt- 
bours  per  hour. 

Water  pumped,  gallons  per  minute,  135. 

Speed,  revolutions  per  minute:  Motor,  1,702;  pump,  about  1,490. 

Head:  9-foot  lift;  16-foot  suction.    Total  sUtic  head,  25  feet. 

Remarks. — ^The  apparent  efficiency  of  this  plant  is  very  low.  The  machinery  was 
new  and  the  installation  seemed  to  be  first  class.  The  consumption  of  power  had  been 
tested  by  the  company  shortly  before  test  on  November  15.  A  ground  on  the  electric 
drcoit  cr  an  obstruction  in  the  dischai^  pipe  would  seem  to  be  thi  most  likely  diffi- 
culties. 

it.  a.  H.  HAV8CHILDT,  TXTLABS,  CAL. 

Location, — Sec.  5,  T.  20  S.,  R.  24  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 3-hor8epower  Westinghouse  type  CCL  induction  motor,  direct-connected 
to  a  3-inch  Krogh  California  horizontal  centrifugal  pump.  Well,  bored,  10  inches  by 
850  feet. 

Building  cort.— Well,  $1,480;  complete  plant,  $2,020. 

Ufe  in  1910. — Irrigated  40  acres  of  alfalfa  four  times  with  al)out  6  inches  of  water. 

Test.— The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
16, 1910: 

Current-used:  3.42  horsepower  (from  power  company's  bill),  equivalent  to  2.55 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  180. 

Speed,  revolutions  per  minute,  1,700. 
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Head:  10-foot  lift;  19-foot  suction.   Total  static  head,  29  feet. 
Remarks, — Dischai^ge  is  through  150  feet  of  6-inch  wood-stave  pipe  to  a  0.5-acre 
reservoir,  which  is  used  to  store  water  at  night  and  a£Ford  a  laiger  irrigation  head. 

U.  F.  8.  MeABAMS,  TUX.ABX.  OAL.  (IflO). 

Location.— SW.  i  sec.  13,  T.  20  S.,  R.  23  E.,  Mount  Diablo  base  and  meridian. 

Plant. — 10-horsepower  General  Electric  induction  motor;  direct^connected  to  a 
5-ineh  Price  horizontal  centrifugal  pump.    Well,  bored,  12  inches  by  163  feet;  cased. 

Building  co«(.— Well,  $325;  complete  plant,  $845. 

Use  in  7920.— Irrigation  of  90  acres  of  alfalfa.  Planned  to  irrigate  120  acres.  Op«'- 
ated  continuously  from  April  to  August  1. 

Test,— The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
18,  1910: 

Current  used:  9.7  horsepower  (10.25  horsepower  from  power  company's  bill). 

Water  pumped,  gallons  per  minute,  720. 

Speed,  revolutions  per  minute,  1,172. 

Head:  6-foot  lift;  22-foot  suction.    Total  static  head  28  feet. 

Remarks. — This  is  one  of  the  better  class  plants  and  is  operated  so  as  to  give  relatively 
low  costs  per  acre  irrigated. 

M.  W.  J.  MeADAMS,  TUX.ABX.  CAL.  (IMI). 

LoccUum.— SW.  i  sec.  18,  T.  20  S.,  R.  24  E.,  Mount  Diablo  base  and  meridian. 

Plant, — IS-horsepower  Weetinghouse  type  CCL  induction  motor,  direct-connected  to 
a  7-inch  Price  horizontal  centrifugal  piunp.  Wells,  bored,  12  inches  in  diameter,  one 
90  feet  and  the  other  127  feet  in  depth. 

Building  co«^— Pump  and  motor,  $750;  complete  plant,  $1,400. 

Use  in  IPiO.—Irrigation  of  200  acres  of  alfalfa.  Operated  continuously  for  6  months. 
Additional  area  of  40  acres  being  prepared  for  irrigation. 

Test.'-The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
18,  1910: 

Current  used:  19.21  horsepower  (from  power  company's  bill),  equivalent  to  14.34 
kilowatt-hours  per  hour. 

Water  pumped,  gallons  per  minute,  1,450  (approximately). 

Speed,  revolutions  per  minute,  846. 

Head:  10-foot  lift;  19-foot  suction.    Total  static  head,  29  feet. 

Remarls. — This  plant  is  typical  of  the  best  practice  for  irrigation  of  al&d^ 

5S.  L.  a.  MABTIH,  TTTLABS,  OAL.  (IflO). 

Looo^um.— NW.  i  sec.  18,  T.  20  S.,  R.  24  E.,  Mount  Diablo  base  and  meridian. 

Plant. — lO-horsepower  Alamo  distillate  engine,  24-inch  pulley,  belt-connected  to 
a  5-inch  Price  horizontal  centrifugal  pump,  8.5-inch  pulley.  Well,  bored,  12  inches 
by  110  feet. 

Building  co«^— Well,  $220;  engine  and  pump,  $650;  complete  plant,  $900. 

Use  in  1910. — Installed  in  late  summer  and  used  for  watering  stock  and  irrigating 
40  acres  of  alfalfa.    Will  be  used  for  irrigation  of  80  acres  of  alfalfa. 

Test, — The  following  results  were  obtained  during  a  test  of  the  plant  on  November 
18,  1910: 

Consumption  of  distillate,  gallons  per  hour,  1.45. 

Water  piunped,  gallons  per  minyte,  695. 

Speed,  revolutions  per  minute:  Engine,  264;  pump,  695. 

Head:  9-foot  lift;  17-foot  suction.    Total  static  head,  26  feet. 

Remarks. — This  is  a  new  plant  and  the  operation  shows  rather  low  eflBciency.  The 
vacuum  gage  showed  loss  of  head  in  the  suction  pipe,  probably  due  to  some  obstruction . 
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TABULATED  RESULTS  OP  PUMPING  TESTS. 

In  Table  34  the  data  derived  from  the  preceding  pumping  plant 
tests  and  information  collected  at  the  time  the  tests  were  made  are 
assembled  so  as  to  present  in  concise  form  the  chief  factors  of  engi- 
neering interest  in  each  case. 

TTie  nmnber  in  the  first  colunm  corresponds  to  the  number  used  in 
the  description  of  each  plant  and  its  test. 

The  second  and  third  colimms  give  the  discharge  in  gallons  per 
minute  and  in  second-feet,  generally  as  determined  by  test,  though 
in  a  few  specified  cases  as  reported  by  the  owner  or  operator  of  the 
plant. 

The  fourth  column,  of  drawdown,  shows  the  extent  to  which  the 
water  level  in  the  wells  was  lowered  during  the  tests.  Generally 
about  20  minutes  was  required  to  reduce  the  water  level  to  an  eleva- 
tion that  remained  constant  thereafter  with  imiform  discharge  from 
the  plant. 

The  capacity  of  the  well  (colunm  6)  is  derived  from  the  third  and 
fourth  columns,  being  the  discharge  in  second-feet  divided  by  the 
drawdown  in  feet.  This  capacity  is  only  an  average,  figure,  however, 
as  each  succeeding  foot  of  drawdown  probably  causes  an  increasingly 
greater  yield  of  the  well. 

The  total  static  head  represents  the  difiFerence  in  elevation  between 
the  water  level  in  the  well  during  operation  and  the  level  at  which 
the  water  is  discharged  from  the  pimiping  plant. 

The  useful  water  horsepower  is  derived  from  the  discharge  and  the 
total  static  head,  being  the  discharge  in  pounds  per  second  (the  dis- 
charge in  second-feet  X  62.3)  multipHed  by  the  total  static  head  in 
feet,  divided  by  550  (the  number  of  foot-pounds  per  second  in  one 
horsepower). 

The  column  giving  the  length  of  irrigation  season  in  days  is  based 
on  what  information  could  be  secured  as  to  the  customary  period 
during  which  crops  were  irrigated  in  the  several  locaUties  examined. 

In  the  ninth  colunm  is  shown  in  terms  of  days  of  continuous  opera- 
tion the  length  of  time  the  plants  were  operated  in  1910.  Comparison 
of  this  column  with  that  preceding  indicates  that  in  general  the  plants 
were  operated  for  only  a  small  part  of  the  irrigating  season.  This 
shows  one  of  the  principal  sources  of  the  high  cost  of  irrigation  by 
pumping,  for  the  fixed  costs  on  a  pimiping  plant  that  is  lying  idle 
mount  up  rapidly  and  result  in  a  high  cost  per  acre  actually  irrigated. 

The  columns  giving  capacity  of  plant  show  respectively  the  amoimts 
of  water  that  could  be  deUvered  if  the  plants  were  operated  80  per 
cent  of  the  irrigation  season,  and  the  amounts  that  were  actually 
delivered  in  1910.  These  colmnns  show,  like  columns  8  and  9,  that 
the  lai^e  proportion  of  the  time  that  the  plants  are  idle  is  a  principal 
factor  in  making  the  cost  of  pumping  higher  than  is  necessary. 
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The  figures  of  column  12,  giving  the  acreage  irrigable  with  maxi- 
mum draft  of  1  second-foot  to  80  acres,  is  obtained  from  the  figures 
in  coliunn  3,  the  actual  discharge  in  second-feet.  The  acreages  ac- 
tually irrigated  in  1910  are  given  in  column  13. 

Colmnn  14,  giving  the  duty  of  water  in  1910  (obtained  from  the 
figures  of  columns  11  and  13),  is  of  principal  interest  in  showing  the 
variation  in  irrigation  practice  among  individual  ranchers.  Tlie 
figures  also  indicate  roughly  the  amount  of  water  actually  delivered 
to  the  land  for  irrigation. 

The  item  of  fuel  oil  has  been  expressed  in  three  ways — the  amoimt 
of  fuel  oil  (distillate)  used  per  hour  by  the  engines  tested  and  the 
corresponding  costs  per  day  and  per  useful  water  horsepower  per  day. 
The  cost  of  fuel  oil  was  taken  as  the  cost  delivered  at  the  plants  and 
ranged  from  8  cents  to  13  cents  per  gallon  of  distillate  in  various 
parts  of  the  valley.  In  the  lower  part  of  the  table  imder  the  same 
colunms  the  electric  power  consumed  at  motor-driven  plants  is 
shown.  In  general  these  plants  were  not  provided  with  meters  and 
no  means  for  testing  power  consumption  were  available.  The  results 
shown,  therefore,  are  tak^n  in  most  instances  from  power  companies' 
bills.  It  is  the  custom  of  the  power  companies  to  test  the  plants 
from  one  to  three  times  during  the  irrigation  season  and  to  charge 
for  power  used  on  the  basis  of  the  maximum  amount  consumed  dur- 
ing their  tests. 

The  figures  of  the  building  cost  represent  the  cost  of  the  com- 
pleted pumping  plants.  The  total  costs  are  based  on  the  most  relia- 
ble information  obtainable,  including  statements  of  owners  and  of  the 
companies  installing  the  machinery.  From  these  total  costs  the 
cost  per  acre  with  maximum  draft  of  1  second-foot  to  80  acres  and 
the  cost  per  acre  irrigated  in  1910  are  obtained  from  the  correspond- 
ing colimms  of  the  area  irrigable. 

The  annual  cost  of  depreciation,  renewals,  and  repairs  is  based  on 
the  assumption  that  for  a  distillate  plant  these  costs  will  amount  to 
15  per  cent  per  year  on  the  cost  of  the  machinery  and  for  a  motor- 
driven  plant  to  8  per  cent  per  year  on  the  cost  of  the  machinery. 
These  values,  if  anything,  are  lower  than  the  actual  and  do  not  depend 
very  largely  on  the  amoimt  of  use  given  the  plant  during  the  year, 
for  the  depreciation  of  machinery  may  be  as  great  during  periods  of 
nonuse  as  during  periods  of  use;  in  other  words  a  plant  may  **rust 
out"  as  quickly  as  it  would  *^  wear  out.''  There  is  of  course  a  consid- 
erable variation  in  the  sum  total  represented  by  the  three  items, 
depending  on  the  care  given  to  the  machinery.  In  order  to  make  a 
comparison  of  the  various  plants,  however,  a  imiform  percentage  was 
used  throughout,  though  the  actual  cost  of  all  the  machinery  was 
not  exactly  that  recorded  in  the  notes  on  the  tests.  The  item  of 
taxes  was  not  included  with  the  other  fixed  charges,  since  a  reliable 
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value  to  be  applied  was  not  determined  upon,  but  in  other  similar 
stodies  taxes  have  been  figured  as  a  per  cent  per  year  on  the  first 
cost.*  Interest  on  the  investment,  another  element  of  fixed  charges, 
in  the  amount  of  6  to  8  per  cent  on  the  first  cost  is  also  omitted  from 
the  items  in  the  table. 

In  computing  the  annual  cost  of  fuel  (or  current),  labor,  and 
lubrication,  the  fuel  or  current  cost  for  the  first  column — involving 
80  per  cent  continuous  operation — is  obtained  from  the  figures  of 
length  of  irrigation  season  in  days  and  the  fuel  or  current  cost  per  24 
hours.  For  the  fuel  or  current  cost  with  operation  as  in  1910,  the 
figures  of  continuous  equivalent  operation  in  days  in  1910  and  the 
fuel  or  current  cost  per  24  hours  are  used.  To  the  costs  of  fuel  alone 
thus  obtained,  2  cents  per  hour  of  operation  for  distillate  plants,  5 
cents  per  hour  for  the  steam  plant,  and  1  cent  for  motor-driven  plants 
was  added  in  order  to  cover  the  charges  of  labor  and  lubrication. 

The  figures  of  total  annual  cost  of  maintenance  and  operation  are 
obtained  from  preceding  data.  The  total  costs  are  in  each  case  the 
sum  of  the  annual  cost  of  fuel  (or  current),  labor,  lubrication,  depre- 
ciation, renewals,  and  repairs.  As  has  been  previously  stated,  the 
items  of  taxes  and  interest  on  investment  have  not  been  included, 
but  they  probably  would  add  an  annual  sum  equal  to  about  7  to  9 
per  cent  of  the  total  building  cost.  The  costs  per  acre  are  these 
total  costs  divided  by  the  appropriate  values  for  the  area  irrigable 
or  irrigated.  The  costs  per  acre-foot  of  water  pumped  represent  the 
total  costs  divided  by  the  capacity  of  the  plant  in  acre-feet  per 
season.  The  total  cost  per  acre-foot  of  water  per  foot  of  static  head 
is  the  total  cost  per  acre-foot  of  water  pumped,  divided  by  the  static 
head. 

The  last  column  indicates  the  relative  efficiency  of  the  plants  in 
percentages.  To  determine  the  figures  in  this  column  it  was  assumed 
that  a  gallon  of  distillate  should  produce  8  horsepower  hours  of 
energy  in  a  plant  of  fairly  good  design.  A  comparison  on  this  basis 
of  the  amount  of  fuel  oil  used  with  the  useful  water  horsepower 
developed  gives  the  efficiency.  For  example,  in  plant  No.  1,  0.96 
gallon  of  distillate  per  hoiu*  yielded  1.68  useful  water  horsepower, 
but  on  the  basis  of  1  gallon  of  distillate  per  hour  to  8  useful  water 
hor8epower.0.96  gallon  should  yield  7.68  horsepower.  The  efficiency 
is  therefore  1.68  divided  by  7.68,  or  22  per  cent.  For  the  steam  plant 
it  was  assumed  that  1  gallon  of  crude  oil  should  produce  2.5  horse- 
power. Similarly,  for  motor-driven  plants,  comparison  of  the  horse- 
power of  electric  energy  used  or  paid  for  with  the  useful  water 
horsepower  developed  gives  the  efficiency. 

^  Smith,  G.  E.  P.,  Ground-water  supply  and  irrigation  in  the  RilUto  Valley:  Arixona  Univ.  Agr.  Exper. 
8ta.BalL64,p.ao»,1910. 
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SUMMARY  OF  PUMPING  TESTS.  1, 

The  imgator  is  sometimes  apt  to  consider  only  the  actual  expen 
of  operation  of  a  plant  when  figming  on  the  cost  of  pumping  wa(  |  «i«3 
The  cost  of  imgation  by  pimiping,  however,  includes  properly  b< 
the  cost  of  operation  and  all  fixed  charges,  such  as  mterest  on 
investment,  depreciation,  taxes,  and  repairs. 

In  the  descriptions  of  the  individual  pumping  plants  tested,  att 
tion  has  in  several  instances  been  called  to  one  or  more  of  the  spec 
factors  that  render  the  plant  a  relatively  expensive  source  of 
supply.  In  summarizing  the  results  of  the  tests  these  factors  n 
properly  be  mentioned  again  and  their  effects  on  the  cost  of  irrigat 
emphasized 

Most  of  the  pumping  plants  in  San  Joaquin  Valley  are  well  houa 
but  this  important  matter  is  not  always  properly  attended  to 
rapid  depreciation  of  pumping  as  well  as  other  kinds  of  farm  machine 
if  not  taken  care  of  is  very  real,  and  depreciation  is  an  import] 
factor  in  the  cost  of  irrigation  water  obtained  from  wells 

In  the  tabulated  results  of  pumping  tests  the  depreciation  cha 
has  been  combined  with  those  for  renewals  and  repairs,  the  total 
the  three  being  taken  as  15  per  cent  per  year  for  distillate  plaj 
and  8  per  cent  per  year  for  motor-driven  plants.    These  figures 
believed^  be  conservative,  since  in  similar  tests  by  others  the  dep 
ciation  charge  alone  for  gasoline  plants  has  been  taken  as  from 
to  12  or  15  per  cent  and  for  motor-driven  plants  as  from  6  to  7  oi 
per  cent.*    It  will  be  noted  that  in  the  tabulated  data  sununarizi 
the  tests  in  San  Joaquin  Valley,  interest  and  taxes  have  not  he 
included  with  the  other  fixed  charges.    They  probably  should 
taken  as  adding  to  these  charges  about  7  to  9  per  cent  per  yeari 
the  value  of  the  plant 

The  tendency  throughout  the  valley  is  to  install  pumping  machine] 
capable  of  more  work  than  is  required  of  it.  This  custom  may  1 
in  part  attributable  to  the  sellers  of  the  machinery,  who  are  of  court 
desirous  of  making  large  sales;  but  the  installation  of  large  plan! 
appears  also  to  be  followed  as  a  matter  of  convenience  in  operatiol 
TTie  irrigator  finds  it  easier  to  run  a  large  pumping  unit  for  a  fe 
hours  than  to  accomplish  the  same  amount  of  irrigation  with  a  smalk 
plant  requiring  perhaps  several  days  to  supply  the  same  acreage  wi 
water.  The  interest  on  the  greater  amoimt  of  capital  tied  up  in  ti 
larger  plant  and  the  increased  amount  that  must  be  charged  to  depit 
ciation  form  very  considerable  items  in  the  total  annual  cost  of  irrf 
gation,  however.     In  places  where  a  larger  plant  has  been  installed^ 

I 


1  Le  Conto,  J.  N.,  and  Tait,  C.  E.,  MechanJcal  tests  of  pumping  plants  in  California:  U.  S.  Dept.  Agr. 
Office  Exper.  Sta.  Bull.  181,  pp.  51-^2, 1907. 

Smith,  G.  E.  P.,  Oround-water  supply  and  irriKation  in  the  Rillito  Valley:  Arizona  Univ.  Agr.  Exiw. 
Sta.  Bull.  64,  p.  a09, 1910. 
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than  is  needed  to  supply  the  acreage  watered  the  error  can  of  course 
be  remedied  if  more  land  can  be  furnished  with  water.  The  same 
result  will  of  course  be  accomplished  either  by  bringing  new  land 
under  irrigation  or  by  supplying  from  one  plant  lands  that  have  been 
watered  by  two  or  more  pumping  units  each  of  which  has  been 
operated  only  a  small  part  of  the  time.  The  advantage  of  coopera- 
tion in  reducing  the  cost  per  acre  of  irrigation  is  shown  in  the  plants 
listed  as  tests  Nos.  31  and  35. 

Although  theoretically  the  pimiping  system  might  be  only  large 
enough  to  furnish  the  necessary  amoimt  of  water  if  kept  running 
continuously  throughout  the  irrigation  season,  practically  the  mini- 
mum size  of  plant  is  approximately  fixed  by  the  necessity  of  pump- 
ing a  stream  large  enough  to  flow  through  the  irrigation  ditches 
with  sufficient  velocity  to  permit  its  proper  distribution.  From  the 
observations  made  in  San  Joaquin  Valley  it  would  appear  that  in 
this  region  plants  of  less  than  5  horsepower  are  not  efficient  in  this 
respect,  except  perhaps  in  the  case  of  plants  used  for  watering  small 
truck  gardens.  The  size  of  stream  that  must  be  thrown  in  order  to 
give  proper  distribution  depends  very  largely  on  the  character  of  the 
soil,  however.  In  Sacramento  Valley  it  has  been  found  that  "  a  dis- 
charge of  at  least  12  gallons  a  minute  to  the  acre  should  if  possible 
be  provided  for  alfalfa  on  ordinary  loam  soils  in  tracts  of  40  to  200 
acres,  with  larger  capacities  for  smaller  tracts,  and  sUghtly  smaller 
capacities  for  larger  tracts."  * 

Although  in  some  regions  economy  is  obtained  by  the  use  of  smaller 
plants  pimiping  ii\to  reservoirs  from  which  a  sufficient  discharge  can 
be  maintained  during  periods  of  irrigation,  this  practice  has  not  been 
followed  in  the  San  Joaquin,  and  the  cost  of  reservoir  construction 
probably  would  more  than  counterbalance  the  saving  in  cost  of 
pumping  equipment  under  the  conditions  of  irrigation  that  obtain. 

In  localities  where  pumping  plants  are  installed  as  auxiharies  to 
surface  water  suppUes  the  adaptation  of  proper  size  of  plant  to  the 
area  irrigated  can  not  be  adhered  to;  for  in  such  instances  a  relatively 
large  amount  of  water  may  need  to  be  pumped  during  intervals  of 
shortage  in  the  ditch  supply,  and  machinery  capable  of  furnishing  a 
given  quantity  of  water  in  a  limited  time  may  be  required.  Such 
conditions  obtain  mainly  in  places  where  high-class  crops  are  raised, 
however,  which  can  profitably  bear  the  relatively  high  cost  per  acre 
of  pumping  water.  An  example  of  this  is  furnished  in  the  plant  of 
W.  E.  Bunker  (No.  15). 

In  connection  with  the  mistake  of  installing  a  larger  plant  than  is 
needed  for  the  area  irrigated  may  be  mentioned  the  installation  of  a 
plant  having  greater  pumping  capacity  than  the  well  can  supply. 

i  Bryan,  Kirk,  Ground  water  for  irrlgatioa  in  the  Sacramento  Valley,  CaL:  U.  S.  OeoL  Survey  Water- 
Sopply  Paper  375-A,  p.  38, 1915. 
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Considerable  loss  in  eflSciency  may  develop  in  such  cases,  either 
simply  from  excessive  draw  down,  which  makes  the  pmnping  lif t 
greater  than  need  be,  or  from  the  entrance  of  air  into  the  pump, 
whose  suction  is  thereby  impaired.  Losses  of  efficiency  directly  trace- 
able to  leakage  of  air  were  noted  in  tests  Nos.  8  and  39.  Such  over- 
taxing can  usually  be  overcome  by  enlarging  the  well  or  by  sinking 
one  or  more  auxihary  wells  connected  by  timnels  or  by  suction  pipes 
to  the  pump  intake. 

Although  pumps  in  good  condition  may  lift  water  about  28  feet 
tmder  suction,  a  lift  of  about  20  feet  has  been  found  in  practice  to  be 
the  maximum  economical  limit.  Centrifugal  pumps  and  the  cylin- 
ders of  reciprocating  pinnps  shoidd  therefore  be  placed  not  higher 
than  this  distance  above  the  water  level  when  pimiping.  Examples 
of  low  efficiency  produced  in  part  at  least  by  excessive  suction  lifts 
are  furnished  by  plants  Nos.  8,  21,  and  30.  Enlargements  or  beD- 
mouths  on  the  ends  of  intake  and  discharge  pipes  are  found  to  reduce 
the  friction  loss  of  head  at  entrance  and  discharge  points  and  thus 
slightly  to  increase  the  efficiency.  Likewise,  the  elimination  of  unnec- 
essary elbows  and  bends  in  the  pipes  reduces  friction  losses.  Cases 
where  actual  obstructions  in  pipes  appeared  to  be  responsible  in  part 
for  the  low  efficiency  were  noted  in  plants  Nos.  61  and  55. 

At  many  pumping  plants  the  end  of  the  discharge  pipe  is  placed 
higher  than  is  necessary.  Since  every  foot  in  height  that  the  water 
is  raised  requires  a  certain  amount  of  work,  it  is  obvious  that  the 
discharge  point  should  be  only  high  enough  to  dehver  the  water  into 
the  ditch.  Flagrant  cases  of  disregard  of  this  principle  were  not 
observed  in  the  San  Joaquin,  however. 

The  running  of  a  large  internal  combustion  engine  at  less  than  its 
load  capacity  is  an  important  factor  in  increasing  pumping  costs. 
Under  such  conditions,  in  order  to  keep  down  to  normal  speed,  the 
engine  misses  a  number  of  explosions  each  minute.  Serious  loss  in 
efficiency  may  thus  be  occasioned,  as  brake  tests  show  that  und^ 
such  conditions  there  is  a  marked  loss  in  the  effective  work.  This 
loss  is  due  largely  to  the  fact  that  the  power  consumed  within  the 
machine  in  compression  of  the  charge  and  in  friction  losses  is  approxi- 
mately constant,  and  hence  as  the  amoimt  of  work  produced  by  the 
machine  is  decreased  the  energy  consumed  internally  becomes  a 
larger  portion  of  the  total  amoimt.*  An  especially  noteworthy 
instance  of  low  efficiency  due  to  a  poorly  designed  plant  was  found 
in  that  of  T.  R.  HiD  (test  No.  1).  The  overloading  of  an  engine, 
when  normal  speed  is  kept  up  by  feeding  an  extra  amoimt  of  fuel,  is 
also  uneconomical,  both  because  of  the  excessive  fuel  consiunption 
and  the  strain  on  the  machinery. 

1  Le  Conte,  J.  N.,  and  Tait,  C.  E.,  Mechanical  tests  of  pumping  plants  in  Califtmia:  U.  9.  Dept.  Aff. 
Office  Exper.  Sta.  Bull.  181,  p.  72, 1907. 
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Notable  variations  in  speed,  either  of  increase  or  of  decrease 
beyond  the  normal,  result  in  inefficient  service;  for  every  properly 
constructed  engine  is  designed  to  run  under  conditions  of  speed  and 
load  that  are  fairly  well  determined  by  the  size  of  the  engine  parts, 
and  any  great  variation  in  these  conditions  is  bound  to  be  attended 
by  loss  in  efficiency  from  one  or  more  causes.  In  electric  motors 
underspeeding  does  not  result  in  notable  efficiency  loss  since  the  inter- 
nal friction  losses  are  slight  and  a  large  part  (80  to  90  per  cent)  of 
the  power  consumed  is  given  out  as  \iseful  work.  Overspeeding, 
however,  may  necessitate  repairs  due  to  the  overheating  or  burning 
out  of  parts. 

The  proper  adjustment  of  feed  and  ignition  in  an  internal  combus- 
tion engine  have  very  great  influence  on  the  efficient  working  of  the 
machine.  •  If  the  ignition  is  retarded  too  much,  an  excessive  fuel 
charge  is  required.  By  advancing  the  spark,  therefore,  to  produce 
a  certain  amount  of  preignition,  the  fuel  consumption  may  be  cut 
down  appreciably.  The  improper  timing  of  ignition  may  have  been 
the  cause  of  excess  fuel  consimiption  in  plants  Nos.  18,  19,  and  28. 

The  temperature  of  the  jacket  water  is  a  factor  that  is  too  often 
overlooked;  for  if  the  cylinder  is  cooled  too  much,  ignition  may  lag, 
and  the  same  effect  vnU  be  produced  as  by  a  spark  too  far  retarded. 

Too  Uttle  attention  is  in  many  cases  paid  to  the  proper  oiling  and 
adjustment  of  the  various  bearings.  Injury  of  course  may  quickly 
result  to  them  from  overheating  due  to  lack  of  oil,  or  to  running 
too  tight,  while  if  too  much  play  is  allowed  the  engine  will  become 
mjured  by  poimding.  SUppage  of  a  loose  belt  is  often  the  cause  of 
poor  service,  as  in  tests  Nos.  13  and  40,  while  too  tight  a  belt  produces 
an  undue  strain  on  the  pulley  bearings. 

For  proper  running  of  a  pump,  relations  of  load  and  speed  similar 
to  those  in  an  engine  must  be  taken  into  consideration.  The  improper 
speeding  of  a  centrifugal  pump  will  cause  loss  in  efficiency  because 
if  underspeeded  the  runner  will  not  impart  an  economic  proportion 
of  its  velocity  to  the  water,  and  therefore  the  pimip  vriU  not  lift 
water  to  its  full  capacity  (tests  Nos.  1  and  27) ;  or,  because  if  over- 
speeded,  the  runners  will  chum  or  will  produce  excessive  velocity  in 
the  stream  of  water,  with  consequent  losses  due  to  excessive  friction 
in  the  intake  and  outlet  pipes  (test  No.  6).  While  a  centrif- 
ugal pump  throws  more  water  when  somewhat  overspeeded,  it 
requires  much  more  power  for  a  given  discharge  than  does  a  larger 
pump  run  at  the  proper  speed.  As  has  been  previously  mentioned, 
overspeeding  may  also  cause  marked  drop  in  efficiency  by  drawing 
air  into  the  pump  and  impairing  its  suction.  Overspeeding  is,  how- 
ever, less  to  be  avoided  than  underspeeding,  since  the  discharge 
drops  rapidly  with  slower  rotation. 
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For  each  rotary  pump  there  is  a  definite  relation  between  the  lift 
of  the  water  and  the  speed  of  the  pump,  for  greatest  eflBciency.  The 
proper  speed  for  each  lift  b  usually  given  by  the  pump  maker,  and 
should  be  closely  adhered  to  for  satisfactory  results  both  in  the 
amount  of  water  lifted  and  in  power  economy. 

In  reciprocating  pimips  underspeeding  may  in  some  cases  produce 
undue  diminishing  of  the  discharge  through  failure  of  the  valves  to 
open  and  close  promptly.  Overspeeding  often  results  in  the  breaking 
of  sucker  rods  or  the  loosening  of  pump  foundations,  with  conse- 
quent throwing  out  of  alignment  and  increased  friction  losses. 

The  proper  size  and  speed  for  the  pump  will  be  determined  by  the 
amount  of  water  to  be  discharged  and  the  lift.  The  engine  or  motor 
should  then  be  adapted  in  size  to  give  the  necessary  power.  By 
means  of  the  proper^ized  pulleys  or  gears  the  suitable  working  speed 
for  both  pump  and  prime  mover  can  be  obtained.  The  proper  size 
of  prime  mover  and  pump  for  given  lifts  and  discharge  are  given  in 
some  manufacturers'  catalogues  or  will  be  supplied  by  the  service 
departments  of  the  firms.  Consultation  with  these  departments 
will  often  prevent  costly  mistakes  in  the  installation  of  a  plant. 
For  the  larger  plants  special  design  to  suit  the  conditions  of  oper- 
ation will  generally  be  profitable.  The  following  tables  may  be  of 
use  in  some  cases,  however,  in  aiding  in  the  choice  of  a  suitable  com- 
bination of  prime  mover  and  pump. 


Table  35 

.—  T%m£ 

required  far  irrigation  with  pumps  of  various  sizes  y 
feet  as  duty  of  water  per  acre  per  annum. 

assuming  S  acre- 

Water 

required 
per  an- 
num. 

Time  required  for  pump  to  raise  tabulated  quantities  of  water. « 

Area  to  be 
irrigated. 

3-Inch 
pump, 
capacity 

225 
gallons 

minute. 

Scinch 
pump, 
capacity 

300 
galloos 

mmute. 

4.inch 
pump, 
capacity 

400 
gallons 

mmute. 

6-inch 
pump, 

gallons 
mfoute. 

&>inch 
pump, 
cawjclty 

900 
gaUoQS 

mfcite. 

7.|ndi 

pomp, 

cj^eTty 

gallons 

mmute. 

8-mch 

pomp, 

gallons 
mmute. 

104ndi 

gaUons 
mmute. 

ACTf$. 

6 

Acre^eet. 

15 

30 

45 

60 

00 

120 

180 

240 

300 

360 

480 

600 

720 

840 

960 

1,080 

1,200 

1,440 

1.G80 

1,920 

2,280 

2,040 

Hours, 
360 
720 
1,080 
1,420 
2,160 
2,880 
4,320 

Hours, 

Hours, 

Hours. 

Hours. 

Hours. 

Hours. 

Hours. 

10 

542 
814 
1,080 
1,630 
2,170 
3,280 
4,340 

15 

610 
814 
1,220 
1,6% 
2,440 
3,260 
4,070 
4,880 

90 

30 

697 
930 
1,400 
1,860 
2,320 
2,790 
3,720 
4,650 

642 
723 
1,080 
1,440 
1,810 
2,170 
2,890 
3,620 
1,340 
5,060 

40 

642 
814 
1,080 
1,860 
1,630 
2,170 
2,710 
3,260 
3,800 
4,840 
4,880 

(SO 

610 
814 
1,020 
1,220 
1,630 
2,030 
2,440 
2,850 
3,260 
3,660 
4,070 
4,880 

80 

100 

542 

120 

660 

160 

868 

200 

1 

1,080 

240 

i 

1,900 
1530 
1,730 
1,960 
2,170 
2,600 
8.040 
3,470 
4;  120 
4.770 

280 

820 

360 

1  "*     ■       ' 

400 

...            t 

480 

660 

1 

640 

1 

760 

1 

880 

1 

1 

o  Capacities  taken  from  manufacturers'  catalogues. 
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Tabu  9%.— Engine  honepovoer,  cost  of  pumping  plant,  annual  fixed  charges,  and  cost 
per  hour  of  operation  for  pumps  operated  against  various  static  heads  A 


Statio 
bead. 

Siseof 
pomp. 

Engine 

Ckwtof 

Annual 

Coat  per 

horse- 
power. 

pumping 
plant. 

fixed 
charges. 

hour  of 
operation. 

Fut. 

Intha. 

Cenu. 

20 

3 

3 

1300 

150 

6.7 

H 

4 

360 

72 

7.6 

4 

5 

.      420 

85 

0.1 

5 

8 

600 

125 

11.0 

6 

10 

770 

162 

13.4 

7 

W 

1,060 

218 

17.2 

8 

20 

1,320 

274 

22.2 

10 

35 

1,020 

308 

30.0 

25 

3 

4 

350 

70 

7.3 

3i 

5 

410 

83 

8.6 

4 

6 

480 

00 

10.1 

5 

10 

720 

140 

13.1 

6 

15 

900 

206 

16.2 

7 

18 

1,150 

238 

20.0 

8 

25 

1,480 

307 

27.3 

10 

45 

2,250 

467 

40.3 

30 

3 

4 

360 

71 

8.3 

3i 

6 

470 

05 

0.3 

4 

8 

500 

121 

10.5 

5 

12 

840 

173 

15.3 

6 

18 

1,110 

220 

18.8 

7 

20 

1,280 

264 

24.7 

8 

30 

1,660 

343 

32.4 

10 

50 

2,430 

502 

58.8 

35 

8 

5 

420 

83 

0.0 

3i 

6 

480 

06 

10.5 

4 

8 

600 

122 

11.0 

5 

15 

060 

107 

17.6 

6 

18 

1,120 

230 

21.0 

7 

25 

1,450 

208 

28.5 

8 

35 

1,840 

370 

37.4 

10 

60 

2,660 

540 

68.3 

40 

8 

6 

480 

04 

0.3 

3i 

8 

600 

121 

10.5 

4 

10 

720 

146 

12.1 

5 

18 

1,080 

220 

10.7 

6 

20 

1,230 

251 

24.7 

7 

30 

1,620 

332 

82.3 

8 

40 

2,010 

413 

42.4 

10 

75 

3.000 

618 

77.8 

45 

3 

6 

530 

104 

10.2 

3i 

8 

660 

132 

11.6 

4 

10 

700 

150 

13.4 

5 

18 

1,170 

238 

21.0 

6 

25 

1,500 

306 

27.6 

7 

30 

1,740 

356 

36.1 

8 

45 

2,300 

472 

47.5 

10 

75 

3,170 

640 

87.2 

50 

8 

8 

640 

120 

10.0 

^ 

10 

780 

155 

11.5 

4 

12 

910 

182 

14.6 

5 

20 

1,290 

261 

24.1 

6 

25 

1,510 

307 

80.4 

7 

35 

1,020 

302 

30.0 

8 

60 

2,470 

506 

52.5 

10 

100 

3.760 

773 

06.6 

55 

3 

8 

650 

127 

10.8 

3^ 

10 

700 

156 

12.4 

4 

15 

1,030 

206 

15.0 

5 

25 

1,460 

205 

26.3 

6 

30 

1,600 

343 

33.3 

7 

40 

2,100 

428 

43.7 

8 

50 

2,480 

507 

67.8 

10 

100 

3,770 

774 

106.0 

60 

3 

8 

660 

128 

11.5 

3i 

10 

800 

157 

13.4 

4 

15 

1,040 

207 

17.2 

5 

25 

1,470 

206 

28.5 

6 

30 

1,700 

344 

36.1 

7 

45 

2,270 

462 

47.5 

8 

60 

2,710 

553 

62.8 

10 

100 

3,780 

775 

116.0 

«  Cott  01  pumping  plant  is  exclusive  of  wells  and  casing.  Fixed  charges  are  8 per  cent  of  cost  of  pumping 
pisnt  plus  14  per  cent  of  cost  of  machinery.  Cost  of  opoation  is  cost  of  fuel  at  10  cents  a  gallon  plus  2  cents 
m  hoar  lor  Ubor  and  lubrication. 
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From  the  average  rated  capacity  for  each  size  of  pump,  obtained 
from  manufacturers'  catalogues  (Table  35),  and  the  lift,  the  neces- 
sary water  horsepower  is  obtained  from  the  formula  given  on  page  165, 
which  may  be  a  little  more  simply  expressed  thus: 

Total  static  head  in  feet  X  discharge  in 

.  TT    /  1       *     u  gallons  per  minute 

Useful  water  horsepower = ^ /^  _ 

o,"o7 

A  plant  eflBciency  of  about  43  per  cent,  determined  mainly  from 
experimental  tests  of  good  plants,  has  been  appUed  to  these  values  of 
water  horsepower  to  obtain  the  figures  of  required  engine  horse- 
power for  Table  36,  the  nearest  standard  size  of  engine  above  the  re- 
quired horsepower  being  taken  in  nearly  every  case.  The  sizes  of 
engine  needed  are  larger  than  those  given  in  similar  tables  in  cata- 
logues of  pumping  machinery;  but  they  are  beUeved,  from  results 
observed  in  actual  experience,  to  be  approximately  correct. 

The  cost  of  pumping  plant  includes  only  the  cost  of  engine,  ptunp 
and  fittings,  and  the  housing.  Since  the  cost  of  engine  and  pump 
varies  somewhat  according  to  the  make  and  the  cost  of  housing 
varies  with  the  style  of  building  used,  the  three  items  have  been 
combined  into  the  averages  presented.  The  prices  used  for  the 
machinery,  however,  are  average  list  prices  for  the  indicated  sizes 
of  distillate  engines  and  centrifugal  pumps,  and  the  cost  of  housing 
is  based  on  actual  examples.  This  latter  item  is  taken  as  about  $50 
for  the  smaller  plants,  increasing  for  the  larger  sizes  by  about  10  per 
cent  of  the  additional  cost  of  the  machinery.  Attempt  has  not  been 
made  to  determine  the  average  cost  of  weJl  and  casing,  since  these 
are  such  variable  quantities  that  averages  would  be  of  no  special 
significance.  In  some  places  the  cost  of  the  completed  well  is  rela- 
tively small,  while  in  other  places  it  may  equal  the  cost  of  the  re- 
mainder of  the  plant. 

The  annual  fixed  charges  have  been  computed  as  8  per  cent  of  the 
cost  of  pumping  plant  plus  14  per  cent  of  the  estimated  cost  of  engine 
and  pimip  idone.  While  this  is  a  somewhat  different  basis  of  estimate 
from  that  used  in  calculating  the  fixed  charges  of  Table  34,  and 
includes  allowance  for  interest  and  taxes,  it  is  beUeved  to  be  fair  and 
to  give  approximately  the  same  results. 

The  cost  per  hour  of  operation  is  based  on  the  probable  amount  of 
distillate  used  per  hour,  at  10  cents  per  gallon,  plus  2  cents  per  hour 
of  operation  for  labor  and  lubrication.  The  duty  of  distillate  is 
taken,  as  the  result  of  nimierous  tests,  at  one-eighth  gallon  per 
horsepower  per  hour  developed.  In  the  table  this  is  of  course  not 
the  same  as  the  horsepower  ''size"  of  the  engine,  which  is  adapted 
only  approximately  to  the  actual  power  required.  The  hourly  con- 
sumption of  distillate  for  each  combination  of  pimip  and  lift  can  be 
obtained,  if  desired,  from  the  last  column,  by  subtxacting  the  labor 
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and  lubrication  cost  (2  cents)  and  dividing  by  10  (the  assumed  price 
in  cents  per  gallon).  For  example,  in  the  first  case  the  computed 
distillate  consumption  is  0.47  gallon  per  hour.  From  this  figiu-e  other 
calculations  based  on  different  costs  per  gallon  can  be  made. 

Example. — It  is  desired  to  irrigate  by  pumping  a  tract  of  80  acres 
of  land  to  be  set  in  alfalfa.  In  consideration  of  rainfall;  evaporation, 
and  other  climatic  conditions  the  area  should  be  flooded  during  the 
irrigation  season  with  sufficient  water  in  amount  to  cover  the  land  3 
feet  in  depth  (equivalent  to  flooding  6  inches  in  depth  six  times  during 
the  season).  The  depth  to  water  in  neighboring  wells  is  about  20 
feet,  and  it  is  desired  to  raise  the  water  5  feet  above  the  surface  of  the 
ground  at  the  proposed  pumping  plant.  The  irrigation  season  is 
about  200  days  in  length. 

Referring  to  Table  35,  opposite  80  in  the  first  column,  we  find  that 
a3J-inch  pump  will  require  4,340  hours,  or  21.7  hours  a  day  for  200 
days  to  supply  the  desired  amount  of  irrigating  water;  a  4-inch 
pump  will  require  3,260  hours,  or  16.3  hours  a  day  for  200  days;  a  5- 
mch  pump  will  require  1,860  hours,  or  9.3  hours  a  day  for  200  days; 
a  6-inch  pump  will  require  1,440  hours,  or  7.2  hours  a  day  for  200 
days,  etc.  Now,  the  depth  to  water  being  20  feet  and  the  lift  above 
the  surface  of  the  ground  5  feet,  a  head  of  25  feet  must  be  provided 
for  in  addition  to  the  suction  lift.  The  suction  lift  should  be  taken 
at  25  feet  unless  it  be  known  that  a  well  of  great  capacity  can  be 
secured.  The  total  static  head,  therefore,  in  this  case  will  be  50  feet. 
In  the  table  on  page  173,  opposite  *  *  50  "  in  the  column  for  static  head, 
the  following  information  can  be  found: 

a.  Scinch  pump,  lO-horaepower  engine,  cost,  with  housing,  $780: 

Fixed  chaiges $155 

Operation,  4,340  hours  at  1 1 .5  cents  per  hour 499 

Total  yearly  cost  of  pumping 654 

Yearly  cost  per  acre 8. 18 

b.  4-inch  pump,  12-hor8epower  engine,  cost,  with  housing,  |910: 

Fixed  chaiges 182 

Operation,  3,260  hours  at  14.6  cents  per  hour 476 

Total  yearly  cost  of  pumping 658 

Yearly  cost  per  acre .' 8. 22 

e.  5-inch  pump,  20-hor8epower  engine,  cost,  with  housing,  $1,290: 

Fixed  charges 261 

Operation,  1,860  hours  at  24. 1  cents  per  hour 448 

Total  yearly  cost  of  pumping 709 

Yearly  cost  per  acre 8,86 

d.  6-inch  pump,  25-hor8epower  engine,  cost,  with  housing,  $1,510: 

Fixed  charges 307 

Operation,  1 ,440  hours  at  30.4  cents  per  hour 438 

Total  yearly  cost  of  pumping 745 

Yearly  cost  per  acre 9. 31 
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e,  7-inch  pump,  35-hor8epower  engine,  cost,  with  houBing,  $1,920: 

Fixed  charges 392 

Operation,  1,080  hours  at  39.9  cents  per  hour 431 

Total  yearly  cost  of  pumping 823 

Yearly  cost  per  acre 10. 29 

.  It  appears  from  these  figures  that  the  total  cost  of  pumping  grad- 
ually increases  with  the  size  of  plant  used.  This  is  because  the 
larger  plants  lie  idle  a  proportionately  greater  time,  while  interest, 
taxes,  depreciation,  etc.,  accumulate.  With  the  foregoing  informa- 
tion in  mind,  the  rancher  can  proceed  to  have  a  well,  or  wells,  bored 
with  some  definite  idea  of  the  sort  of  plant  he  will  need.  The  boring, 
digging,  or  drilling  of  wells  in  such  manner  as  to  secure  the  greatest 
flow  of  water  at  least  cost  is  a  matter  subject  to  wide  variation  in 
procedure  in  accordance  with  local  conditions.  Let  it  be  assumed 
that  a  well  is  bored  and  the  test  *  shows  a  flow  of  300  gallons  a  minute 
with  a  lowering  of  15  feet  in  the  water  surface.  Such  a  well  will  sup- 
ply a  3  J-inch  pump  with  a  suction  lift  of  15  feet  (assuming  the  pump 
to  be  placed  at  the  water  surface) ;  a  4-inch  pump  with  a  suction  lift 
of  about  20  feet;  but  will  not  supply  a  pump  of  lai^er  size.  With 
this  well,  therefore,  the  choice  is  narrowed  down  to  plants  a  and  h. 
It  is  now  possible  to  revise  the  estimates  because,  instead  of  a  suction 
lift  of  25  feet,  as  previously  assumed,  it  is  known  that  the  lift  will  be 
about  15  feet  for  plant  a,  or  20  feet  for  plant  h.  The  total  static 
heads  will  be  40  feet  and  45  feet,  respectively.  From  Table  36  the 
following  revised  estimates  are  derived: 

a-l.  40-foot  head,  3i-inch  pump,  S-horsepower  engine,  cost,  with 
housing,  $600: 

Fixed  chaiges $121 

Operation,  4,340  hours  at  10.5  cents  per  hour 456 

Total  yearly  cost  of  pumping 577 

Yearly  cost  per  acre 7. 21 

6-1.  45-foot  head,  4-inch  pump,  10-hor»epower  engine,  cost,  with 
housing,  $790: 

Fixed  chaiges 159 

Operation,  3,260  hours  at  13.4  cents  per  hour 437 

Total  yearly  cogt  of  pumping 596 

Yearly  cost  per  acre 7. 45 

It  is  seen  that  plant  ft-l  costs  $190  more  than  plant  o-l  and  that 
the  yearly  cost  of  pumping  will  be  $19  greater.  In  view  of  the  lesser 
time  required  for  pumping,  the  larger  plant  would  probably  be  chosen 
by  most  ranchers,  but  with  the  foregoing  study  of  the  problem,  the 
choice  could  be  made  intelligently  with  clear  knowledge  as  to  what 
the  added  convenience  of  the  larger  plant  will  cost.  If  a  still  larger 
plant  were,  for  any  reason,  considered  desirable  additional  wells 
would  be  required. 

1  Every  well  should  be  carefully  tested  by  pumping  and  its  flow  measured  before  a  pumping  plant  is 
purchased.    Only  in  this  way  can  the  plant  purchased  be  adapted  to  the  flow  obtainable  from  welb. 
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COUNTY  NOTES. 

By  W.  C.  Mbkdbnhall  and  R.  B.  Dolb. 

SAN  JOAQX7IN  COUKTY. 

GENERAL  CONDITIONS. 

San  Joaquin  County  is,  with  the  exception  of  smaU  areas  in  Ala- 
meda and  Contra  Costa,  the  northernmost  of  those  counties  whose 
valiey  lands  belong  to  the  southern  division  of  the  great  central 
lowland  of  Califomia.  Because  of  its  latitude  and  its  position  near 
the  gateway  that  opens  to  the  Pacific,  it  differs  greatly  climatically 
from  the  southern  coimties  of  the  valley.  Its  temperatures  are  not 
so  high  and  do  not  fluctuate  through  so  wide  range  (monthly 
averages  vary  from  46.5"^  in  January  to  72.5°  in  July  and  August), 
its  rainfall  is  greater,  amounting  to  about  15.5  inches,  and  its  per- 
centage of  foggy  days  exceeds  that  of  Kern,  Tulare,  and  other  of  the 
southern  counties.  Furthermore,  situated  as  it  is  along  the  lower 
San  Joaquin,  it  includes  a  tidal  section  of  that  stream  and  a  large 
area,  called  Stockton  Islands,  that  is  subject  to  inundation  when  the 
Sacramento  is  in  flood,  and  a  still  larger  section  subject  to  overflow, 
except  where  it  is  protected  by  dikes  and  levees,  when  floods  in  the 
San  Joaquin  and  its  tributaries  occur  at  the  same  time  as  those  of  the 
Sacramento.  The  county,  therefore,  includes  a  part  of  that  central 
Califomia  area,  whose  problems  of  reclamation,  drainage,  and  navi- 
gation involve  in  so  complete  and  fascinating  a  way  all  of  the  phases 
of  hydraulic  engineering.  The  rivers  must  be  improved  and  con- 
trolled for  navigation  purposes,  the  lowlands  must  be  protected  from 
floods  and  drained,  while  the  higher  bordering  parts  of  the  valley 
lands,  too  dry  to  produce  the  more  valuable  crops  although  suited 
to  grain  raising,  require  irrigation  for  their  fullest  development.  This 
threefold  problem  belongs  typically  to  the  Sacramento  Valley,  but 
it  requires  solution  also  in  that  of  the  lower  San  Joaquin. 

The  Stanislaus  Water  Co.  takes  its  supply  of  water  from  the  Stanis- 
laus near  Knights  Ferry  and  irrigates  an  area  of  several  thousand 
aCTes  along  the  southern  border  of  the  county  in  the  Escalon  and 
Manteca  districts.  In  the  Lodi  and  Stockton  districts  the  systems 
of  the  Stockton  &  Mokelumne  Irrigating  Co.  and  the  Woodbridge 
Canal  &  Irrigation  Co.  supply  surface  waters  to  limited  areas.  Within 
the  island  district,  west  and  north  of  Stockton,  where  reclamation  has 
heen  accomplished  by  the  construction  of  protective  levees,  water  is 
98205'— WSP308— 16 12  177 
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sometimes  admitted  within  the  dikes  during  high-water  periods  in 
the  streams  for  irrigation  purposes,  but  as  subirrigation  is  effectual 
throughput  the  greater  part  of  these  areas,  surface  irrigation  is  rarely 
necessary. 

The  higher  lands  of  the  valley  slopes,  both  along  the  east  and  west 
sides,  are  devoted  to  grain  raising,  as  some  of  them  have  been  for 
almost  half  a  century.  No  water  is  apphed  to  them.  There  is  no 
imiformity  as  to  practice  among  the  vineyardists,  some  of  them  irri- 
gating their  vines,  others  preferring  that  they  be  not  irrigated. 

PLOWING   WELLS. 

San  Joaquin  County  includes  the  northern  portion  of  the  great 
central  artesian  zone  of  the  valley,  but  as  this  zone  is  less  important 
in  its  northern  part,  both  because  of  the  inferior  yield  of  weUs  there 
and  because  of  the  greater  proportion  of  water  of  poor  quality  ob- 
tained from  them,  there  has  been  relatively  little  development  for 
irrigation  purposes  or  domestic  supply.  Twenty-nine  records  have 
been  obtained,  and  these  are  beheved  to  include  all  of  the  flowing 
wells  existing  in  the  country  districts  and  nearly  all  of  those  in  the 
city  of  Stockton  at  the  time  when  the  records  were  secured.  Only 
six  of  these  supply  water  suitable  for  irrigation,  and  the  yield  of  these 
is  small.  By  far  the  greater  number  of  the  flowing  wells  have  been 
drilled  for  the  gas  they  yield,  but  as  the  water  with  the  gas  is  saline 
and  therefore  not  usable  for  drinking  or  for  irrigation  it  is  allowed 
to  waste. 

The  few  artesian  wells  that  furnish  water  of  good  quality  not  only 
yield  small  supplies  but  are  expensive  because  of  their  considerable 
depth.  Those  of  which  records  are  available  are  from  975  to  1,200 
feet  deep.  Wells  of  lesser  depth  do  not  yield  flows,  and  those  of 
greater  depth,  at  least  in  the  Stockton  neighborhood,  yield  saline 
waters  and  gas.  Farther  west  than  Stockton,  nearer  the  axis  of  the 
valley,  the  water,  even  from  shallow  wells,  is  strongly  mineralized. 
It  will  be  realized  that  under  these  conditions  flowing  wells  are  not 
of  value  for  irrigation  in  the  county,  despite  the  rather  large  area 
over  which  flows  may  be  obtained. 

PUMPINO  PLANTS. 

Dming  the  last  few  years  irrigation  by  the  use  of  pumped  waters 
has  become  an  important  factor  in  the  development  of  the  east  side 
of  San  Joaquin  Coimty.  Around  Lathrop  and  French  Camp  in 
the  district  east  of  Stockton  and  in  the  country  about  Lodi,  a  large 
number  of  plants  have  been  installed  and  new  wells  are  being  sunk 
and  new  plants  put  in  operation  constantly. 
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This  deyelopment  is  of  a  most  promising  type.  Most  of  the  plants 
are  small  and  the  acreage  irrigated  by  each  is  limited.  This  means 
small  holdings,  intensive  cultivation,  and  eventually  relatively  dense 
settlement.  The  average  recorded  horsepower  of  193  plants  is  only 
6^.  Of  the  193  plants  138  develop  from  2  to  8  horsepower,  while  42 
are  equipped  with  engines  developing  from  10  to  15  horsepower. 
One  hundred  and  eighty-seven  gas  engines  were  in  use  in  1906,  13 
plants  used  motors  at  that  time,  and  2  were  operated  by  steam. 

One  hundred  and  thirty-seven  owners  of  plants  reported  a  total  of 
1,455  acres  \mder  irrigation,  an  average  of  only  10.6  acres  each.  The 
cost  of  106  of  the  plants  was  reported  by  the  owners  as  $64,983,  an 
average  cost  of  $613  each.  These  facts  indicate  the  small  scale  and 
individualistic  character  of  the  development. 

The  power  companies  charge  a  uniform  rate  of  3  J  cents  per  horse- 
power per  hour.  This  is  higher  than  the  fuel  charge  in  the  gas  plants, 
the  reported  average  in  12  plants  for  the  summer  of  1906  being  1.45 
cents  per  horsepower  per  hour,  but  labor  and  installation,  both  of 
which  are  heavier  charges  in  the  gas  plants,  tend  to  equalize  the 
difference.  Water  as  developed  in  these  small  plants  seems  to  cost 
the  users  from  $1.50  to  as  much  as  $3  or  $4  per  acre-foot. 

Generally  water  is  delivered  from  the  pmnping  plants  to  the  acre- 
age served  through  earth  ditches,  and  where  the  soil  is  sandy  and 
porous  this  method  results  in  much  waste. 

The  pumping-plant  wells  are  comparatively  shallow,  and  hence 
are  very  much  cheaper  than  the  deep  wells  necessary  to  secure  arte- 
sian flows.  The  average  depth  of  somewhat  more  than  100  wells, 
taken  at  random  from  the  records,  is  about  80  feet.  Another  group 
of  20  wells  average  only  40  feet  in  depth.  These  latter  wells  are 
equipped  with  small  pmnping  plants,  developing  an  average  of  5 
horsepower  each,  and  the  water  which  they  yield  is  ample. 

The  wells  are  particularly  cheap  because  it  has  been  found  that  in 
many  parts  of  the  area  it  is  not  necessary  to  case  them,  or  at  least 
they  need  be  cased  only  to  slight  depths.  Twelve  pmnping-plant 
weDs  are  reported  as  without  any  casing;  24  others  were  only  partly 
cased,  the  pipe  in  these  varying  in  length  from  a  few  joints  to  three- 
fourths  or  seven-eighths  of  the  entire  depth  of  the  well. 

The  windmill  has  been  an  important  factor  in  irrigation  in  the 
Stockton  district,  and  although  it  has  been  practically  superseded 
by  the  small  pumping  plant,  it  is  still  used,  especially  in  the  vegeta- 
ble garden  and  fruit  districts  east  and  northeast  of  Stockton.  Its 
chief  disadvantage,  of  course,  is  the  uncertainty  of  the  wind.  It  is 
not  imusual  to  see  a  well  equipped  both  with  a  small  gas  engine  and 
a  large  windmill,  the  engine  being  used  when  the  wind  fails.  The 
wheels  used  are  of  wood  and  of  local  manufacture,  from  18  to  22  feet 
in  diameter,  and  cost  complete  with  the  tower  from  $175  to  $200. 
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Much  of  the  gardening  and  fruit  for  the  San  Francisco  market  i 
in  the  hands  of  ItaUan  immigrants,  who,  after  giving  the  windmill  t 
thorough  trial,  have  generally  abandoned  it  in  favor  of  the  more  reha- 
ble  gas  engine. 

Irrigation  by  pumping,  of  the  general  type  practiced  about  Stock* 
ton  and  Lodi,  could  be  extended  with  great  advantage  throughout  a 
large  acreage,  now  without  water,  between  Mokelumne  River  and 
Tejon  Pass,  but  to  be  practiced  successfully  it  will  require  a  different 
spirit  from  that  which  as  yet  largely  dominates  the  West.    The  pro-» 
moting  and  speculative  spirit,  the  desire  to  get  rich  overnight,  to 
control  large  holdings,  and  to  avoid  personal  labor,  will  have  to  be 
superseded  by  a  willingness  to  be  satisfied  with  sure  but  moderate- 
returns,  to  be  content  with  small  farm  imits,  and  to  attain  personal 
independence  through  individual  effort.    It  is  to  be  hoped  that  the* 
American  citizen  of  the  generations  to  come  will  prove  willing  to 
accept  these  conditions  and  that  in  the  future  dependence  need  not 
be  placed  upon  our  adopted  citizens  for  detailed  development  of  this  , 
desirable  type.  ^  ! 

QUALITY  OP  WATER.  I 

The  waters  that  were  tested  from  weUs  20  to  40  feet  deep  on  the 
east  side  of  San  Joaquin  Coimty  contain  somewhat  greater  quantities 
of  all  mineral  constituents  than  those  from  wells  50  to  1,100  feet  deep, 
and  though  they  are  low  in  alkahes  and  are  good  for  irrigation  they 
are  rather  poor  for  steaming  because  of  their  content  of  scale-forming 
matter.  Water  from  wells  50  to  900  feet  deep  is  commonly  the  best. 
WeDs  around  Stockton  900  to  1,100  feet  deep  yidd  water  somewhat 
higher  in  sodiiun  and  potassiiun  than  in  calcimn  and  magnesium 
and  therefore  poorer  for  irrigation;  this  characteristic  content  of 
alkali  probably  decreases,  however,  toward  the  Sierra.  Waters  from 
depths  greater  than  1,100  feet  around  Stockton  are  imfit  for  use  be- 
cause they  are  salty,  and  that  condition  probably  is  uniform  over  the 
entire  county. 

No  ground  waters  among  Stockton  Islands  could  be  tested,  but 
according  to  common  report  they  are  bad,  which  doubtless  means 
that  they  are  highly  mineralized  calcium  sulphate  or  sodiimi  sulphate 
waters  with  appreciable  amoimts  of  chlorides.  This  would  make 
them  bad  for  boilers  and  poor  for  irrigation. 

The  waters  of  T.  2  S.,  R.  4  E.,  are  higher  in  mineral  content  and 
poorer  for  irrigation  than  those  farther  east,  and  many  are  of  the  cal- 
cium sulphate  type.  Around  Tracy  and  Banta  wells  more  than  100 
feet  deep  yield  better  water  than  shallower  ones.  The  change  to 
waters  of  the  axial  type,  or  those  in  which  the  alkalies  exceed  the  alka- 
line earths,  is  apparently  complete  within  the  limits  of  El  Pescadero, 
where  the  waters  that  were  tested  are  suitable  for  irrigation.    Water 
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from  wells  100  to  600  feet  deep  in  the  territory  from  El  Peecadero  to 
within  2  or  3  miles  of  the  foothills  could  probably  be  applied  to 
crops  without  harm  if  proper  drainage  were  arranged,  but  water  from 
weDs  more  than  500  feet  deep  would  probably  be  no  better  than  that 
from  shallower  ones. 

Though  the  water  of  San  Joaquin  River  is  altered  in  quality  by  the 
combined  effects  of  ground  affluents  from  the  upper  west  side,  seep- 
age from  irrigated  lands  on  the  east  side,  and  occasional  influxes  of 
water  from  west-side  creeks,  it  is  usually  low  in  mineral  content  and 
fairly  dear,  and  at  all  times  good  for  irrigation  as  the  analyses  made 
by  the  Greological  Survey  for  two  years  establish. 

The  results  of  analyses  and  assays  of  ground  waters  in  San  Joaquin 
County  are  given  in  Tables  37  and  38,  in  which  the  waters  have  also 
been  dassified  with  respect  to  their  value  for  domestic  and  boiler  use 
and  for  irrigation. 
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WELL  RECORDS. 

The  facts  assembled  in  the  following  tables  and  in  much  of  the  pre- 
ceding discussion  were  seciu*ed  by  W.  N.  White  in  1906-7.  Practi- 
cally all  of  the  pumping  plants  and  all  weUs  of  importance  then  exist- 
ing were  examined  and  the  essential  data  regarding  them  were  secured. 
In  addition  enough  of  the  shallow  domestic  weOs  in  the  outlying  areas 
were  examined  to  furnish  evidence  of  the  depth  to  ground  water  and 
to  give  some  indication  of  its  quality.  Much  more  complete  evidence 
on  the  latter  point  was  procured  by  R.  B.  Dole  in  1910  and  has  been 
assembled  in  the  chapter  and  tables  prepared  by  him  and  appearing 
both  in  the  county  notes  and  in  the  general  discussion.  Records  of 
a  few  wells  in  Alameda,  Calaveras,  and  Contra  Costa  counties  are 
appended. 
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8TANI8LAXT8  OOTTHTY. 
OENERAL  CONDITIONS, 

Stanislaus  County,  like  Merced,  extends  entirely  across  San  Joaquin 
VaDeyy  and  therefore  both  east-side  and  west-side  conditions  are 
reinresented  within  it.  The  valley  in  this  latitude  is  contracted 
somewhat,  so  that  its  width  is  greater  both  to  the  north  and  to  the 
south  ihem  here. 

South  of  Tuolumne  River  and  east  of  the  San  Joaquin,  the  canals 
of  Uie  Turlock  irrigation  district  supply  gravity  water  to  a  large  part 
ot  the  valley;  and  north  of  the  Tuolumne  the  canals  of  the  Modesto 
district  supply  the  west-central  part  of  the  county  from  a  point 
about  8  miles  east  of  Modesto  to  San  Joaquin  River.  West  of  the 
San  Joaquin  the  lower  line  of  the  San  Joaquin  and  Kings  River  canal 
system  extends  to  the  vicinity  of  Crows  Landing.  Under  these  canal 
systems  much  alfalfa  is  raised,  daiiying  is  an  important  and  growing 
industry,  and  there  is  an  increasing  acreage  devoted  to  fruit  raising 
and  diversified  farming.  Outside  of  the  irrigated  district  the  greater 
part  of  the  valley  lands  are  in  grain,  both  wheat  and  barley  being 
raised,  although  here,  as  in  other  parts  of  the  Great  Valley,  the  pro- 
duction is  less  than  formerly.  Along  the  San  Joaquin  the  flooded 
bottoms  and  the  neighboring  alkali  lands  are  used  for  grazing. 

Less  use  is  made  of  ground  waters  in  this  coimty  than  in  any 
other  part  of  the  valley.  The  rainfall  is  sufficient,  so  that  grain 
raising  has  been  successful  in  the  past,  and  irrigation  has  not  been 
absolutely  necessary  in  order  that  the  valley  lands  might  be  utilized. 
The  pressure  for  irrigation  therefore  has  not  been  so  intense  as  in 
the  more  strictly  arid  sections  farther  south.  Furthermore,  the  sur- 
face supply  is  more  nearly  adequate  than  in  many  of  the  coimties, 
and  the  limits  of  productivity  through  the  use  of  the  cheap  gravity 
waters  have  not  been  reached,  because  the  Turlock  and  Modesto 
districts  are  not  yet  fuUy  developed.  Because  ot  this  large  supply 
of  siuf  ace  water  and  its  as  yet  incomplete  utilization  little  interest 
has  been  taken  heretofore  in  the  development  and  use  of  ground 
waters. 

FLOWING  WELLS. 

The  Survey  has  records  of  only  five  flowing  weUs  in  the  county. 
These  are  near  the  southern  boundary,  and  most  of  them  are  west  of 
San  Joaquin  River.  Only  one,  that  on  the  McDermott  estate, 
northeast  of  Newman,  is  used  for  irrigation.  The  others  furnish 
supplies  for  stock. 

Because  of  the  meager  development,  the  limits  of  the  area  within 
which  flowing  waters  are  to  be  expected  has  not  been  determined 
with  certainty.    Nor  are  these  limits  of  as  much  importance  here  as 


Digitized  by  VjOOQIC 


198  GROUND  WATER  IN  SAN   JOAQUIN  VALLEY. 

farther  south  in  the  valley;  because  the  flowing  wells  will  yield  rather 
meagerly,  their  waters  will  be  of  poor  quality  generally,  and  the  flow- 
ing-well area  will  be  confined  to  a  zone  of  low  land  along  the  axis  of 
the  valley,  mudi  of  which  is  subject  to  overflow  and  some  of  which  is 
alkaline. 

The  settlers  along  the  west  side — owners  of  fertile,  alkali-free  soils, 
capable  of  immense  production  if  water  could  be  applied  to  them, 
but  practically  limited  under  present  conditions  to  dry  crops — are 
as  a  matter  of  course  deeply  interested  in  the  possibihty  of  securing 
irrigation  water  from  any  source.  The  streams  that  flow  from  the 
west-49ide  hiUs  toward  the  valley  are  wet-weather  streams  of  sli^t 
flow  and  can  not  be  considered  as  sources  of  irrigation  water. 

The  San  Joaquin  and  Kings  River  canal  system  may  be  capable  of 
slight  extension  when  irrigation  practice  on  the  lands  under  it  im- 
proves; but  at  best  it  can  serve  only  a  small  additional  acreage.  It 
is  probable  that  pmnping  systems  will  eventually  be  installed  to  lift 
water  directly  from  the  San  Joaquin  to  apply  to  those  west-side  lands 
that  are  within  40  or  50  feet  of  the  low-water  level  in  the  river. 
Pumping  plants  may  also  be  installed  in  the  lower  west-side  lands  to 
pump  ground  waters,  but  the  lift  will  be  nearly  as  great  as  from  the 
river  and  the  water  will  be  of  inferior  quaUty,  since  all  of  the  west-side 
ground  waters  contain  notable  quantities  of  salts  and  some  of  th^n 
approach  the  limit  of  usabihty  for  irrigation. 

PUMPING  PLANTS. 

Pumping  plants  for  irrigation  were  practically  unknown  in  this 
county  in  1906,  when  this  investigation  was  made,  but  one  or  two 
being  in  operation.  They  are  used,  however,  to  supply  the  stations 
of  the  Pacific  Coast  Oil  Co.,  the  railroads,  and  the  domestic  sup- 
ply for  the  city  of  Modesto.  Ground  waters  are  accessible  with 
moderate  lifts  throughout  the  west  half  of  the  east  slope  of  the  valley, 
and  as  irrigation  progresses  imder  the  gravity  systems  and  the  water 
plane  rises,  their  development  will  become  increasingly  desirable  as 
a  means  of  drainage  as  well  as  a  source  of  auxiliary  or  independent 
irrigation  supply.  That  intensive  cultivation  and  careful  methods 
will  make  it  as  practicable  here  as  it  is  ebewhere  in  the  valley 
scarcely  needs  affirmation. 

QUALITT  OF  GROUND  WATER. 

Though  little  land  in  Stanislaus  County  is  irrigated  by  pumping 
it  is  apparent  from  conditions  north  and  south  of  this  county  that 
ground  water  of  good  quality  can  be  procured  from  wells  100  to 
1,000  feet  deep  in  the  territory  indicated  as  east  of  line  C'C  in  Plate 
II  (in  pocket).    Those  that  were  tested  average  about  300  parts  per 
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miOion  in  total  solids  and  140  parts  in  total  hardness,  and  nearly  all 
are  classed  as  good  for  irrigation;  they  woidd  form  some  scale  in 
boOers,  but  they  are  not  corrosive  and  would  not  cause  foaming. 
Waters  deeper  tiian  1,200  feet  are  probably  salty.  As  no  wells  more 
than  200  feet  deep  on  the  east  side  of  the  county  coidd  be  tested,  the 
composition  of  the  deep  waters  between  San  Joaquin  River  and  the 
location  shovm  by  line  C'C  is  unknovm.  Some  of  the  supphes  from 
wells  30  to  100  feet  deep  west  and  south  of  Modesto  and  close  to  the 
axis  are  high  in  chlorides,  and  those  from  wells  300  to  600  feet  deep 
in  Stevinson  Colony  are  salty,  as  is  also  that  from  the  480-foot  well 
at  Crows  Landing.  Any  artesian  waters  in  Stanislaus  County,  there- 
fore, would  probably  be  salty  and  woidd  range  from  fair  to  bad  for 
irrigation,  according  to  their  concentration. 

The  west-side  waters  are  irregular  in  composition,  except  that  all 
contain  notable  amounts  of  sulphate.  All  those  tested  near  Newman 
are  highly  mineralized  sodium  chloride  waters  of  poor  quahty,  the 
shallow  supphes  not  being  essentially  different  from  those  at  300  to 
400  feet.  Several  waters  with  carbonate  predominating  were  found 
at  Crows  Landing  and  at  Westley,  but  they  would  also  deposit  large 
quantities  of  hard  scale  in  boilers.  No  supplies  that  would  be  con- 
sidered unfit  for  irrigation  were  found  north  of  Newman,  though  the 
artesian  supply  near  Crows  Landing  is  of  rather  doubtful  quahty. 
Water  from  wells  80  to  300  or  400  feet  deep  west  of  the  artesian  area 
could  probably  be  utilized  for  irrigation.  The  water  from  San 
Joaquin  River  is  acceptable  for  irrigation. 

Tables  40  and  41  indicate  the  composition  and  usefulness  of  the 
ground  waters  in  Stanislaus  County  that  were  analyzed  or  assayed. 
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208  GBOUND  WATER  IN  SAN  JOAQTHN  VALLEY. 

KBBGBD  00X7NTY. 
GENERAL  CONDITIONS. 

M^ced  County  extends  entirely  across  the  San  Joaquin  Valley  and 
thus  includes  both  east-side  and  west-side  territory.  The  gradual 
amelioration  northward  of  the  aridity  of  the  south  end  of  the  San 
Joaquin  Valley  becomes  noticeable  at  this  latitude;  hence,  the  raising 
of  grain  without  irrigation,  which  is  possible  on  the  east  side  as  far 
south  as  Fresno  County,  is  usually  successful  on  the  west  side  in  the 
northern  part  of  Merced  County. 

Irrigation  by  surface  water  is  accomplished  principally  by  the  util- 
ization of  San  Joaquin  and  Merced  rivers.  The  lower  line  of  the 
San  Joaquin  and  Kings  River  canal,  which  leaves  the  river  near 
Mendota  in  Fresno  County,  extends  entirely  across  the  west  side 
of  Merced  County  and  into  Stanislaus  County.  The  high-line  canal 
of  the  same  system  also  extends  from  the  southern  to  within  a  few 
miles  of  the  northern  edge  of  the  county.  This  irrigation  work  com- 
mands the  larger  portion  of  the  west-side  plain.  The  zone  of  un- 
watered  land,  between  the  high-line  canal  and  the  foothills,  is  rela- 
tively narrow. 

The  most  important  east-side  system  is  the  Crocker-Huffman  canal, 
which  taps  Merced  River  about  2  miles  below  Merced  Falls  and 
serves  an  extensive  section  east  and  north  of  the  county  seat.  The 
Stevinson-MitcheU  canal  heads  in  San  Joaquin  River  about  14  miles 
southwest  of  Merced  and  commands  a  belt  from  3  to  4  miles  wide 
between  this  point  and  the  mouth  of  Merced  River.  The  principal 
settlement  below  this  canal,  the  Stevinson  Colony,  is  between  the 
lower  Merced  and  the  San  Joaquin. 

North  of  Merced  River,  the  Turlock  irrigation  district  extends 
into  Merced  County  from  Tuolumne  County,  in  which  lie  the  greater 
part  of  the  lands  covered  by  the  system.  In  addition  to  these  major 
systems,  there  are  a  number  of  minor  canals  along  the  Merced  River 
bottoms.  On  the  whole,  however,  the  county  is  thinly  settled  and 
but  a  small  portion  of  it  is  under  irrigation.  Perhaps  three-fourths 
of  the  valley  lands  are  devoted  to  dry  farming,  the  production  of  hay 
and  grain,  or  to  pasturage. 

The  territory  east  and  north  of  Merced,  the  Plainsburg  and  Le 
Grand  districts  in  the  southeastern  part  of  the  county,  much  of  the 
foothill  area,  and  the  greater  part  of  the  strip  on  the  north  side  of 
Merced  River  are  producing  hay  and  grain,  while  the  greater  part  of 
the  area  between  the  main  line  of  the  Southern  Pacific  Co.  and  San 
Joaquin  River  is  in  pasture.  Part  of  this  pasture  land  was  at  one 
time  tilled,  but  for  various  reasons,  among  them  the  rise  of  alkali, 
tillage  has  ceased,  and  the  lands  have  been  returned  to  pasture.  On 
the  west  side  the  strip  above  the  canals  and  between  them  and  the 
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liilb  is  generally  in  grain  from  Dos  Palos  northward.    South  of  Dos 
Palos  this  strip  is  utilized  principally  as  sheep  range. 

FLOWING  WELLS. 

The  use  of  ground  waters,  like  surface  irrigation,  is  more  usual  in 
Merced  than  in  Madera  Coimty,  although  it  has  not  as  yet  become 
extensive  in  either  county.  The  total  number  of  flowing  wells  in  the 
county  is  between  125  and  150.  The  greater  number  of  these  wells 
are  shallow,  from  100  to  400  feet  deep,  and  their  yield  is  correspond- 
ingly small.  As  the  most  of  them  were  drilled  twenty  or  twenty-five 
yeaiB  ago,  not  for  irrigation  but  for  domestic  pmposes  and  for  stock, 
they  fulfill  the  function  for  which  they  were  intended.  Of  the  130 
or  135  flowing  wells  of  which  the  Geological  Survey  has  records,  but 
15  are  reported  as  used  for  irrigation,  and  even  these  are  generally 
used  on  a  small  alfalfa  patch  or  garden  of  but  Uttle  importance.  The 
total  yield  of  all  the  flowing  wells  in  the  county  is  estimated  at  less 
than  8  second-feet.  That  large  yields  may  be  secured  is  indicated  by 
the  experience  of  the  Crocker-Huffman  Land  and  Water  Co.  in  sink- 
ing a  2,000-foot  test  well  for  oil  in  the  spring  of  1902  in  sec.  15,  T. 
7  S.,  R.  13  E.  No  oil  was  found,  but  this  well,  although  near  the 
eastern  edge  of  the  flowing  weU  area,  as  indicated  by  the  shallow 
developments  to  date,  yielded  what  is  reported  to  have  been  the 
largest  flow  in  the  Merced  district.  When  the  casing  was  pulled  the 
flow  ceased,  doubtless  because  of  leakage  into  the  upper  strata. 
Practically  all  the  flowing  wells  in  the  coimty  are  south  and  west  of 
Merced  and  Livingston  and  east  of  Los  Banos  and  South  Dos  Palos. 
Tliough  there  are  many  wells  of  this  type  250  to  700  feet  deep,  they 
are  principally  for  stock  and  domestic  use,  as  the  San  Joaquin  and 
Kings  River  canal  system  supplies  plenty  of  cheap  gravity  water  to 
this  district. 

PUMPING  PLANTS. 

There  are  between  40  and  50  pumping  plants  in  the  county,  most 
of  them  equipped  with  gas  engines.  More  than  half  of  these  are  used 
to  develop  irrigating  waters,  and  the  remainder  are  used  chiefly  for 
domestic  or  town  supplies.  Grain,  fruit,  alfalfa,  berries,  sweet 
potatoes,  etc.,  are  the  principal  crops  raised  by  the  ranchers,  who  use 
pumping  plants  for  irrigation.  They  express  themselves  as  satisfied 
with  the  results  and  convinced  that  pump  irrigation  in  many  parts 
of  Merced  County  may  be  made  highly  successful. 

In  the  Atwater  and  Livingston  districts,  as  well  as  about  Plainsburg 
and  Le  Grand,  plants  have  already  proved  practicable.  Throughout 
much  of  the  east  side,  to  the  west,  south,  and  east  of  Merced,  the 
ground-water  level  is  within  20  feet  or  less  of  the  surface,  and  where 

98205'— W8P  388—16 14 


Digitized  by  VjOOQIC 


210  GBOUND  WATEB  IN  SAN  JOAQUIN  VALLEY. 

soils  are  favorable  such  accessible  ground  waters  may  be  utilized  to 
advantage  in  pumping  operations. 

Merced,  like  other  east-side  counties,  includes  a  belt  between  the 
trough  of  the  valley  and  the  foothills  that  contains  more  or  less  alkali 
because  of  the  proximity  of  the  ground  water  to  the  surface.  In 
certain  parts  of  this  belt  the  content  -of  alkali  has  increased  in  recent 
years  as  the  result  of  irrigation  by  means  of  gravity  water  suppUeJ 
by  the  Crocker-Huffman  system.  In  such  areas,  if  the  lands  are  stilj( 
productive,  pumping,  either  as  an  independent  source  of  irrigatiod 
water  or  as  an  auxiliary  to  the  gravity  system,  is  most  to  be  desi  *' 
It  results  in  benefit  to  the  community  in  several  ways.  In  the 
place  it  is  a  method  of  drainage.  The  water  that  is  supplied  to  tl 
land  is  drawn  from  beneath  it.  The  tendency  of  the  groimd  wat 
to  rise  with  irrigation  is  thereby  counteracted  and  the  ground  wat 
level  is  kept  down.  In  the  second  place  there  is  no  overuse.  Es 
acre-foot  of  water  developed  costs  a  fixed  sum.  Under  these  col 
ditions  more  will  not  be  used  than  is  needed  and  the  usual  tendency 
of  the  ground-water  plane  to  rise  with  irrigation  will  not  be  manifest. 
Again,  pumping  and  the  use  of  relatively  high-priced  water  encour- 
ages intensive  cultivation  and  this  again  reduces  the  quantity  of 
water  necessary.  Frequent  cultivation  and  the  creation  thereby  of  a 
mulch  at  the  surface  has  long  been  recognized  as  one  of  the  effective 
means  of  prevention  of  loss  of  water  by  evaporation  from  the  surface. 
Whether  lands  already  damaged  by  alkali  as  a  result  of  the  applica- 
tion of  too  much  water  can  be  reclaimed  and  utilized  by  pumpiiig 
under  the  economic  conditions  that  now  exist  is  an  imsettled  ques- 
tion; but  there  is  no  doubt  that  the  irrigation  of  undamaged  lands 
whose  water  plane  lies  within  20  or  25  feet  can  be  carried  out  success- 
fully where  intensive  fanning  methods  are  used,  and  that  the  rise  of 
alkalies  in  such  lands  will  be  prevented. 

QUALITY  OP  WATEB. 

The  east-side  waters  from  wells  15. to  700  feet  deep,  ranging  from 
100  to  600  parts,  average  about  200  parts  per  million  in  their  content 
of  mineral  matter.  Though  they  differ  considerably  from  each  other 
in  concentration  those  away  from  the  trough  are  generally  calcium 
carbonate  waters  good  for  irrigation  and  good  to  poor  for  boilers. 
Wells  100  to  1,000  feet  deep  in  the  territory  indicated  as  lying  east 
of  line  C'C  on  Plate  11  would  probably  yield  water  of  the  character 
just  described.  No  apparent  general  difference  in  quality  exists  be- 
tween the  shallow  waters  and  those  down  as  far  as  600  or  700  feet, 
though  local  differences  of  some  magnitude  are  observable.  For 
example,  comparison  of  analyses  (Tables  43  and  44)  indicates  that 
shallow  waters  at  Merced  are  poorer  than  the  deeper  ones.    Water 
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from  weDs  deeper  than  700  feet  could  not  be  tested^  but  it  is  probable 
that  borings  more  than  1,200  feet  deep  iu  the  valley  part  of  the  county 
would  yield  salty  or  brackish  water.  It  is  reported  that  a  2y000-foot 
weD  in  sec.  15,  T.  7  S.,  R.  13  E.,  yielded  soft  water  of  fine  quality,  but 
it  is  probable  that  the  water  was  strongly  saline;  no  analyses  of  it  are 
available,  and  the  hole  filled  after  removal  of  the  casing. 

Calcium  carbonate  waters  are  found  along  the  east  edge  of  the 
flowing-well  area,  but  the  supphes  gradually  become  poorer  toward 
the  axis  of  the  valley  because  of  increasing  predominance  of  the 
alkalies,  so  that  many  of  those  near  San  Joaquin  River  are  poor  to  bad 
for  irrigation.  Artesian  wells  300  to  600  feet  deep  in  Tps.  6  S.,  R.  9 
E.;  6  S.,  R.  10  E.;  7  S.,  R.  9  E.;  7  S.,  R.  10  E.;  7  S.,  R.  11  E.;  and 
8  S.,R«  1 1  ^v  yield  rather  highly  concentrated  sodium  chloride  waters; 
several  wells  250  to  700  feet  deep  southeast  of  those  townships  be- 
tween Chowdulla  Ranch  and  Merced,  however,  yield  carbonate 
waters  of  good  quaUty;  consequently  the  sodium  chloride  waters 
may  be  considered  to  be  confined  to  a  belt  near  the  axis  and  to  be 
most  common  in  the  northern  part  of  the  belt.  Wells  30  to  50  feet 
deep  around  the  mouth  of  Merced  River,  where  some  oi  the  strongest 
salt  waters  were  found  in  deeper  wells,  yield  good  water. 

Water  from  wells  a  few  miles  west  of  San  Joaquin  River  contains 
appreciable  amounts  of  sulphate,  but  that  constituent  is  subordinate 
to  carbonate  in  a  strip  extending  from  Newman  into  Los  Banos 
Colony  midway  between  the  river  and  the  foothills  of  the  Coast 
Range.  Though  alkaline-earth  bases  are  most  commonly  predomi- 
nant, and  the  carbonate  character  of  the  water  consequently  does  not 
spoil  these  waters  for  irrigation,  they  are  poor  for  boiler  use.  South- 
east of  that  area  in  Dos  Palos  Colony  and  the  territory  west  of  it  the 
ground  waters,  being  harder  and  higher  in  mineral  content,  are  fair 
to  poor  for  irrigation  and  bad  for  boiler  use.  The  deep  well  at  South 
Dos  Palos  yields  salt  water.  The  waters  immediately  northeast  of 
Dos  Palos  Colony  are  somewhat  better  in  quality. 
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MADBBA  G0T7NTT. 


GENERAL  CONDITIONS. 

The  valley  portion  of  Madera  County  is  limited  on  the  south  and 
west  by  San  Joaquin  River  and  on  the  north  by  the  Chowchifla. 
Irrigation  by  surface  water  is  practiced  about  Madera  through  the 
utilization  of  Fresno  River  water  in  the  early  summer,  when  it  is 
available,  and  about  Mintum,  near  the  north  edge  of  the  county, 
by  the  similar  use  of  ChowchiUa  River  water.  Both  of  these  streams 
have  small  mountain  drainage  basins,  so  that  the  flow  from  them  is 
not  prolonged  late  into  the  summer. 

The  extreme  western  edge  of  the  county  is  also  under  irrigation 
from  gravity  water.  The  ChowchiUa  canal  heads  on  the  north  side 
of  the  San  Joaquin,  about  6  miles  east  of  Mendota,  and  runs  north- 
ward, generally  parallel  to  the  river,  for  about  20  miles,  commanding 
a  strip  5  or  6  miles  wide  between  it  and  the  river.  The  greater  part  of 
the  rest  of  the  county  is  as  yet  grain  land  or  pasture  land,  intensive 
cultivation  being  practiced  only  locally,  extensive  holdings  near  the 
river  being  given  over  to  stock  ranches. 

rLOWING  WELLS. 

The  ground  waters  have  not  been  drawn  upon  to  any  extent  for 
irrigation  in  the  developments  that  have  taken  place  thus  far.  There 
are  about  30  flowing  wells  in  the  350  square  miles  of  artesian  water- 
bearing land  in  the  coimty,  and  these  are  practically  all  used  for 
watering  stock  on  the  ChowchiUa  ranch  and  the  Bliss  and  Miller  & 
Lux  properties.  The  total  yield  for  all  of  the  flowing  wells  is  esti- 
mated to  be  less  than  8  cubic  feet  per  second,  although  at  least  one  of 
the  individual  wells  yields  more  than  1  cubic  foot  per  second.  These 
wells  are  generally  shallow,  depths  of  200  to  400  feet  being  usuaL 
Some  of  them  are  among  the  oldest  in  California,  having  been  drilled 
nearly  40  years  ago,  and  though  there  has  been  some  lessening  in  yield 
it  is  doubtless  due  to  deterioration  of  the  casing  and  to  clogging.  A 
table  of  measurements  made  at  different  periods  is  appended: 

Table  46. —  Yield  of  flowing  wells  in  Madera  County, 


Location. 


Yield  In  miner's  Inches. 


1871 


1884  1906 


Sec.  21,  T.  10  8.,  R.  14  E  . 
Sec.  4,T.  10S.,R.15E.. 
8ec.26,T.  108.,R.15E. 
8ec.l6,T.  10S.,R.  14E. 
Sec.23,T.108.,  R.  13E. 
Sec.  14,  T.  10  8.,  R.  13  B. 


20 
22 

4 

1.1 


10 
U 
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The  weD  in  sec  16,  T.  10  S.,  R.  14  E.,  was  recently  cleaned  and 
responded  with  a  stironger  flow  than  it  had  ever  yielded  before.  The 
fact  of  a  well-maintained  pressure  and  supply  is  f lu^ther  indicated  by 
the  strong  flows  of  new  weUs  put  down  in  the  vicinity  of  older 
ones,  tapping  the  same  water-bearing  beds. 

It  is  evident  that  these  cheap  waters  can  be  developed  in  large 
volume  in  the  western  part  of- Madera  County  if  it  is  desired. 

PUMPING  PLANTS. 

About  15  pumping  plants  in  the  county  were  in  use  for  irrigation 
in  1906.  Most  of  these  are  in  the  vicinity  of  Borden,  where  the 
ground-water  level  lies  at  a  depth  of  from  10  to  20  feet.  The  pumps 
pull  the  water  level  down  locally  15  or  20  feet,  so  that  the  total  lift 
is  usually  25  to  40  feet.  Irrigators  estimate  that  under  these  con- 
ditions they  can  deUver  water  for  about  75  cents  per  acre-foot  for 
fuel  and  labor.  Even  lower  figures  are  given  for  the  best-equipped 
plants. 

Interest  on  investment  and  deterioration  of  plant,  of  course, 
increase  this  cost  somewhat,  yet  it  is  certainly  well  within  the  limits 
of  profitable  use.  Practically  everywhere  within  that  part  of  the 
county  west  of  the  Southern  Pacific,  except  near  the  bluffs  of  San 
Joaquin  River,  pumping  waters  are  accessible.  As  the  foothiUs  are 
approached,  depth  to  ground  water  increases  and  the  lift  necessary 
in  their  development  increases  correspondingly. 

QUALITY  OP  WATER. 

The  waters  that  were  tested  in  Madera  County  away  from  the  axis 
of  the  valley  are  similar  to  those  in  the  east  part  of  Merced  County. 
Wdls  20  to  400  feet  deep  yield  water  good  for  irrigation  and  fair  to 
poor  for  boiler  use.  The  suppUes  are  low  in  alkali  and  moderate  in 
scale-forming  constituents,  and  wells  probably  could  be  bored  to 
1,000  feet  without  striking  poorer  water.  The  quality  of  the  water 
from  the  1,310-foot  well  in  sec.  32,  T.  11  S.,  R.  18  E.,  indicates  that 
the  very  deep  supplies  are  salty  and  therefore  unfit  for  use. 

Flowing  wells  240  to  400  feet  deep  on  the  Chowchilla  and  BUss 
ranches  in  the  northwest  part  of  the  county  near  San  Joaquin  River 
yield  supplies  perfectly  acceptable  for  irrigation,  and  another  in 
sec.  34,  T.  11  S.,  R.  16  E.,  probably  between  300  and  500  feet  deep, 
yields  good  water;  artesian  waters  between  the  300  and  500  foot 
depths  and  9  miles  or  more  from  the  river  are  probably  satisfactory. 
But  the  water  from  the  520-foot  well  at  Berendo  Sheds  in  sec.  6, 
T.  13  S.,  R.  15  E.,  is  strongly  saline  and  imfit  for  use  either  in  boilers 
or  for  irrigation.  An  artesian  water  from  a  well  of  nearly  the  same 
depth  at  Miller  pumping  station,  4  miles  farther  west  (analysis,  Table 
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51,  p.  238),  is  higher  in  sulphate  but  much  lower  in  chloride.  A 
plugged  96-foot  well  at  the  latter  place  is  said  to  have  yielded  salt 
water.  The  437-foot  well  m  sec.  33,  T.  11  S.,  R.  13  E.  (analysis, 
Table  50,  p.  238),  also  yields  salt  water.  These  data,  with  those 
regarding  artesian  supplies  around  South  Dos  Palos,  indicate  that 
flowing  wells  near  San  Joaquin  River  are  likely  to  strike  salt  water 
between  400  and  600  feet,  and  there  is  no  good  reason  for  believing 
that  deeper  supplies  would  be  any  better. 

Tables  47  and  48  give  the  analyses  and  assays  of  the  ground  waters 
of  Madera  County  that  have  been  examined. 
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Owner. 


Geo.  D.  Bliss 

Do 

Mmer&Lax 

Do 

Do 

Bharon  estate 

Mrs.  Casey 

USOzT&Lux. 

Do 

Sharon  estate 

Thomas  HoukUng. 

B.W.  Thomas 

Bharon  estate 

Pope  &  Talbot 

A.lf.  Sayre. 

Do 

S.Y.  Cockrum 

0.  Shepherd 


ClassmcatioQ. 

-Ukali 
coeffi- 
cient 
(k) 
•inches). 

Mineral 

content. 

Moderate.. 

...do 

...do 

...do 

Very  high. 

Moderate.. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

High 

Moderate.. 
...do 

Chemical 
character. 

Quality 

for 
boilers. 

Fair 

...do 

...do 

...do 

Very  bad. 

Fair 

...do 

...do 

...do 

...do 

...do 

Poor 

...do. 

Fair 

...do 

Very  bad. 

Fair. 

...do 

gatloQ. 

100 
"'        70 
-'       70 
-        14 

1.2 
•        80 
;■       70 
:       50 
;■       50 
;      140 

1       ^ 

'^    12 

Ca-COf... 

...do 

...do 

Na-COi... 

Na-Cl 

Ca-CO,... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Na-Cl 

Na-COt... 

Ca-CO, . . . 

Oood. 

Do. 

Do. 
Fair. 
Bad. 
Oood. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

-'    s 

Do. 

80 
1        56 

::  140 

Do. 

Do. 
Bad. 
Qood. 

Do. 

:>ably  more  than  300  feet. 


OWIMT. 


Geo.  D.  BUSS... ^ 

ttnra  Vista  Vineyard 

Soothsm  Pacific  Co... 

Atchisoii.    Toprifa    & 

8aaU  ¥•  Railway  Co. 


Classification. 


Dal 


Oct.   M 
.....do 


Oct. 


•  C, 
98W-WBr»8-16.    ( 


Chemical 
character. 


CanCOi... 
...do 

..do 

Na^Oi.... 


Quality 

for  boil- 

ers. 


Fair... 
Oood.. 


Fair.... 
...do 


forlrri 
gation. 


Good... 
...do.... 

.do.... 
.do.... 


Analyst. 


F.  M.  Eaton. 
Do. 

Southern  Pacific  Ca 
Kennioott  Water  Soft- 
ener Co. 


>xides  of  iron  md  ahiminiim. 


Digitized  by  VjOOQIC 


•««4l^ 


i 


Digitized  by  VjOOQIC 


MADERA   COUNTY. 


229 


c8 

I 


.23 

<?  a  . 

M 
,  « '^ 


§  i9^ 
0  •3-2 

g  ^  a 

ft     CL  © 

.5  o 

a  ^ 

A  o 
o  ^ 

9  ^ 

rl 

g  CO 
Is 
See* 

-3  * 
■p 

IS 

^^ 


.i 


Its 


&S 


iHi 


I? 


•Op 

ll 


111 


eSoBH 


-rnnos 
diqs 

•PA  OX 


-nonoos 


CO    ',    \    ',    '.KO     lOQQQ    !    .'    'QOOO    !    ^OQaQOOOQ 

Q2Ss;cQSs;QSs;QQ22aiQQ2(oQQQQoQ(B'aioQQQaQ(ocQQQadaQQQ 


32?S28 


I 


.8 


8 


88 


{o^8 


8 


Id 


eg 


g 


RRRSR 


^:SeS8S8S^§St2S8$$SS!;8$$ 


ii 

it 

ll 


III 

Baa 


II 


§§g 


Si 


8  8_ 

III 


ill 


II 


m 


mi 


SSS  g 


<ot«t«h»Qoaoooooaot^^t^h»cofiD(0(Oco<0(0>o*owat2^^^£SS'^^^''^ 


AAAOaeftOaObOaOOOOOOOOOOOOiOOOOOOOOOkOOO 


»  g  g  g  00  ^  ^  US  00  w  j2  o  »g  o»  lo  jg  ■*  lo  00  « -♦  »o  « -♦  « 1^  «  g 


If 


l8gt^8 


3«l 


QftHgiSoWg 


aaaaassssaa 


Digitized  by  VjOOQIC 


230 


GBOUND  WATER  IN   SAN   JOAQUIN   VALLEY. 


.9 


I 


-5 


< 


y 


14 


s»' 


I 


HI 


5s 

IS 


3= 

ea  O 


•mnos 
ai  qs 


•noi:joog 


ssa'' 


CD  OO  OQ  OQ  CO  00  OQ  QQ  OQ  CO  OQ  CD  QQ  Q  OQ 


§ 


QQsDaQOQoQQOQOQQOQQQQQQSi^QQQaQfiQfiO 


.KRR 


ses 


RK 


H'^niQ 


Sf2 


iir:| 


;  Q  O  O  O  O  O  O  O  O  O  O  O—^^—^—^  ^tmwri^iAS.  v  ^  o—j  o  o  o  o  o  m^  o  o  a_J  «•«  ^ 


n^ 


|ooooooooooo©©googoo^30oooo^;5ggj5j5j5j3a55g 


+  +++ 


I'll 

fill 


^1 


:ii 


I 


^9S9SS^SS 


s      S  o    '  ^    'as    *  s    '    '    •'    '    !    •  a  S    '  ^    -    * 


III 
III 


ssas 


III 


11 


ig§i§i 


l':'-'-|||^llP 


nnn  iaaa 


^io»2»o«»2toto«Qiio^^iQ^ioiQt2«QfiD(0(0(0«««««««fiDfiD«e»«»^t^r«r^t«r^«A 


o  oo  o  ph  •M  ^  ^  ph  ^  ^  •M^cj  eg  e*eo«e*e«tM»i^i-t»M  1^0*^*^000000000000 


S8sa«9^^««*sss8«ssJ53aaJ5«?3Sss^ssaas2SSE5aa88 


660^ 


Digitized  by  VjOOQIC 


MADERA  COUNTY.  231 


S 


g§ 


S8  :I89   §      SSS8»;?S<»« 


QQQQMQw 


oqPQqq 


QOQQCQOQCQOQ 


00  °0  GO  CQ  OQ  CD  00  00  QQ  QQ 


QQQQQoQooQQQQQ   Q   QQQQQ^,^  QQQQQQm  QOQQQQQQQQ  g 


o  •  o  o»^*  o 


il|lil|l1i1':l1|l« 


R^n^n^n^  :» 


^  :w^ 


•O'O^.g'd'g 


III 


•O'O'S'O'O'O'O'O'S^ 


!l 


8^r!SS8  rS^S^ 


^S  :S3 


ggSff    S  :g 


Rg 


^8 


i99§S9S 


^SSSS 


>0      >0>0  tf  to 


s§ 


82§JSg9 


SRS9S3 


SoSss»s§gsgsg^asss  SS8 


^^S  sggssgsssss 


II 


II 


mi 


AAPQ  '.QpQpQQo  :nnn  inn  :n 


:pQ  .'(QQnnn   pQnnnpQ 


t««t«  •»©  : 


11 


:pQnn  :pq  :  :n 


86S  S5J 


IS! 


oSoBo*     ooSoSSSao 


cK     o>o*35g5qooDo5oD 


222 


•sags-gsga«2-»'-s«5«^^j5Ssas«s2J5gss  ss^ssaa  aaaaaas^ssssa 


s'^'^S'S^'.sg^' 


P25i2a  •«  •    ibS       M^3       3 


m  e 


•a 


Digitized  by  VjOOQIC 


'"TJ   » t3»  3  ikS  J'.VUirnf  TALLBT. 


iiiiS;:;;;*;;; 


£  : 


txxxcx  :xaa  :«itts 


=      II 


S!  ;!^SSS^S^  sfeg :  ;ss 


5^«*«eccoo;:22g3a8Sasa  :5S2 


^1     111111  ii:|||;lli: 


^^  «     «♦«"• 


Digitized  by 


Goos 


r^ 


MADERA  COUNTY. 


231 


§r2^8    I       ggiSg^^^E? 


S| 


ss 


^9    I      Si??S^i::S*? 


I 


flOO<B<B<BQQQQ 


GO  QQQQ  go  GQ 


qoqqqocqcd 


qoAqq 


QQQQQ       Q       QQQQQ^HH 


odgqodoqgo 


^  :W^  :     I     fll^  :  :lo    W^  :  :tt^o     :  ;^  :  :  :  :  :W^ 


1 :8gfSSSS  :S^Sg 


^S  :SI8 


e  :  :ggKff    S  :g 


2g      :  :g  :g 


gS 


ussss 


■n         M^  irj  ug  ug 

t^Mt^OO      ^OIiQt««dkOI      ga o> oc  O)  t^ <-r  go  to « 00 


++  + 


sas9g:8 


SpSgS»S3§gS§Sg;SS9SSS    sss 


ffsjlg    ggg?3SgS?S2S 


<O0O 


11  il 


I 


IIIJ 


^llll'irtl^l'lll^llll'^^^^^^^^ 


Cj  o  o 


:npQn  :ppqnQo  icQnn  :nn  :pq 


n  :(QQnnpQ   nnpQnpt 


c;:QfQ  :fQ 


!!§§ 


lii 


dSoSdk      Suooootoo 


S        SS  O  %  309 


usssssssssss^ 


-oooooooooooooo      r>.t'«t*t*r>.t>.»^      r^i^.i^i^t^r'.i^t^hi.t-. 


geoo*^oooc 


««as'"S8sa"2'^'^3^a*^^55Ssss«ssj5gss  ^^^ssaa  ss5?38«8s;«ss  s 


f 

ill 


PC 


e^J 


is 


iki 


■57.8  : 


bg-gg 


I 

1 


-3 


^ 


;^? 


w 


ti^Kpc 


Digiti^^EpOgle 


232 


GROUND   WATER    IN    SAN    JOAQUIN    VALLEY, 


^    '9 


m 


S  03 


■s 


§ 

I 


i 


5=S 


d  O 


iil 


gsas 


00  OT     ;i3D 


:ai2S8§f2l2g^^S 


CO 


SS^^S^t^ 


!XixioQ:QaQaQ    :3QQQxcoaQa!3 


ss 


Qq^;Q^aiQ,-;QQQQQQfipQaQPG„- 


I- 


J2  : 


>  6  6  6  6 d   '   '  odd 

! -d-o -s -o  T)  ^  3  •d3  "d 

■  •  :  :  :  :i|  •  •  ' 
:  :  :  :W^ 


w   ^  o  o  o 

•d  ^'O'd'O 

:  S£ 


j*i 


:jS 


c-    ,ff-      e-. 


ggJSSjSSSSiS^SS^^^^SR 


•g  J3 -O -3  T)  X3  ® -3  "O  ^ 

o^  o  o  o  o    -  o  o 


s  is 
.a  -B 


SgSSSSS:S8S 


:5-a 


:x:u3 
:3a 


:3 


,  iC  t-     '.(X)t^ 


:a 


SSSSoSS 


.  a   •  t> 


gXJ  cj  0*0  ©"O 


s  : p?  : cQ 


cScS    -ob    'kSSSoScSS 


■3C      •SSfeXiQOSct     'XS 


1-9 


*istra 


cli  qs 
-u  AV  o  X 


'aopf>a<^ 


-I  C<»  {>»  C^  C^  Cl  C^  M  d  C*i  M -H -^  ^  C^  «  M  N  «  M  «  C«  CI  M  NCJ 


P50©Qc«ie«?o-«i'i:-r:-iOkfl»o*ociNP»Ni- 

«t*3  M  «  t^eCM  M  NCS  MM  coco  ^ 


r 


Digitized  by  VjOOQIC 


MADEEA  COUNTY. 


233 


8  I  gSS|SSJ5!28*88S| 


88 


8  1$^ 


8SS 


88S3 


«§§ 


CQQQOQOQQQGQOOOQQO 


QQQQQQCQQQQDaQaQaQ 


(S  a>  CO  00  CO  OD  QQ  00  QQ  QQ  QQ  OQ  GO  QQ 


a . 


4  4i44  :4i4ii4444ii44 


:  Q    :^  :w^  :  :  : 

•^-•*^  ' : •  •  • 


W^  : 


|€'S€'S-S^'S 


RR  :8R 


PR 


ssslSsSlsl 


Ss8222a2aS5§sS^^S««'-«'-*^^Ss§S§IS88g5l?5§S8 


S!s§§i§ 


S8 


SSSS^SSS?SSl88S3l;$S 


iS8S 
+ 


^89 


RSS8SS38 


8i38S8 


ii  ill 

II  III 
^  ^  ^  •  ^  ^  ^  ^  '11  ill :  i  il 


n 


8  J 
-g-g  : 

s  :5  ;  :  :  :5a 


si 

11^ 


S  '-SS  :  :^ 
•S  :•§€  :  :1 

i5  :55  :  '.M 


B 


I 
1 
1 


ilfSI 


ig§§i 


ocK9SSS9ScSSSc9S95aSooo 


i§i 


§§ 


S3S523:3£n2aS52SS59aaaaaa£S9a999232SS2329aSS2S2292S2299222 


J^^nf-t^MtOr^COeO'V'loaOOkaOaOOOr^QOQOOOt^^OOOOOkOkAOkt^OtOMaDuavDAO 


tola 


illiili 


a 
I 


;  :|:«2  :  iS-S  :||i|l||Sl?'Z|^'S  ill  i?  i|F  :  i 


SA» 


Digitized  by  VjOOQIC 


234  GROUND  WATEB  IN  SAN   JOAQUIN  VALLEY. 

FBSSVO  COTJHTT. 
GENERAL  CONDITIONS. 

The  part  of  Fresno  County  within  San  Joaquin  Valley  contains  cmc 
of  the  largest  and  most  intensiyely  cultivated  areas  as  well  as  a  por- 
tion of  the  most  barren  territory  in  the  Great  Central  Valley.  The 
rainfaUy  which  gradually  decreases  in  amount  from  the  moutii  of  the 
Sacramento  southward,  is  so  slight  in  Fresno  County  that  dry  farm- 
ing is  precarious,  hc^ce  most  of  the  unirrigated  land  is  also  imculti- 
vated  and  is  used  only  as  range.  Around  Fresno  and  south  and 
east  of  that  city  luxuriant  crops  of  great  diversity  are  grown;  raisin, 
table,  and  wine  grapes,  peaches,  almonds,  apricots,  and  other  high- 
priced  products  are  chiefly  cultivated,  while  hay  and  cereals  yield 
good  returns  in  the  less  thickly  settled  portions  of  Kings  River  delta. 

This  rich  and  populous  region  is  irrigated  by  gravity  water,  dis- 
tributed by  a  network  of  canals  that  take  their  supply  from  the  river. 
These  irrigation  systems  have  been  fully  described  by  Grunsky.* 

A  later  paper,  by  Lippincott,*  dealing  with  the  possibility  of  storage 
and  the  development  of  water  power  on  Kings  River,  embodies  the 
results  of  a  close  study  of  the  ground  waters  and  their  relation  to 
alkali  conditions  by  Louis  Mesmer  and  Thomas  H.  Means.  From 
this  report  (pp.  53,  54,  and  85)  the  following  quotations  are  taken: 

The  natural  drainage  of  theae  lands  is  toward  the  southweet,  at  the  rate  of  about  6 
feet  to  the  mile.  The  soil  is  laigely  granitic  sand,  and  below  an  average  depth  of  10  or 
15  feet  it  is  saturated  with  water.  The  surface  water  is  somewhat  alkalinej-itnd  there- 
fore it  IB  not  advisable  to  piunp  it  for  irrigation.  Water  below  a  depth  of  50  feet  can  be 
considered  satisfactory  for  irrigation.  This  is  based  on  tests  of  more  than  800  wdls  in 
the  district,  some  of  them  being  in  sections  where  there  were  the  strongest  surface  albi- 
line  indications.  In  every  case  this  lower  water  was  found  to  be  good,  and  when  the 
strata  near  the  surface  are  penetrated  it  rises  to  the  elevation  stated.  There  have  been 
few  attempts  to  piunp  water  in  laiger  quantity  than  is  required  for  domestic  purposes. 
A  2-inch  screw  pipe,  put  down  to  an  average  depth  of  50  feet,  landing  the  pipe  on  a 
stratum  of  clay,  and  then  boring  through  the  clay  and  allowing  the  wat^'to  come  in 

from  the  bottom  of  the  hole,  is  always  ample  for  this  purpose. 

««««««« 

A  few  small  pumping  plants  have  been  installed — one  5  miles  east  of  Fresno,  on 

Minnewawa  ranch;  several  around  Selma,  and  two  near  Wildflower— which  yield  at 

least  0.5  second-foot  to  a  7-inch  unperforated  well  not  more  than  70  feet  deep,  with  a 

lift  not  to  exceed  20  feet  in  any  case.    Wells  of  10-inch  or  12-inch  casing  should  be  put 

down  to  a  depth  of  about  100  feet  on  an  average,  and  should  not  be  perforated  above  50 

feet  below  the  surface,  thus  shutting  off  all  possible  chance  of  drawing  from  the  more  or 

less  alkaline  surface  water.    It  is  probable  that  wells  of  this  size  and  depth  woxdd  each 

furnish  1.5  seco;id-feet. 

««#*««  ft 

The  result  of  pumping    *    *    *    would  be  to  improve  the  conditions  rather  than  to 

increase  the  trouble  from  alkali.    The  water  table  would  be  lowered  sufficiently  to 

pennit  the  washing  down  of  the  alkali  salts,  and  the  salts,  instead  of  being  confined  to 

the  surface  layers  of  the  soil,  would  gradually  be  distributed    ♦    *    *    and  by  this 

1  U.  S.  Geol.  Surrey  Water-Supply  Paper  18,  pp.  30  et  seq.,  1808.    Out  of  print.   May  be  ooosoltMi  In 
libraries. 
>  U.  8.  Qeol.  Survey  Water-Supply  Paper  68, 1902.    Out  of  print.    May  be  consulted  in  librazies. 
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dilution  rendered  hannlefls.  The  lowering  of  the  water  table  would  be  of  the  great- 
eetaasistance  to  the  reclamation  of  the  lands  already  alkaline,  and  would  probably  per- 
mit this  reclamation  without  extensive  underdndns. 

Other  reports  dealing  with  the  problem  of  alkali  and  drainage 
have  been  prepared  by  Fortier,  Mackie,  and  Cone.*  In  a  report  by- 
Lewis  A.  Hicks  on  the  *' Generation  and  transmission  of  electric  power 
Mid  installation  of  pimiping  plants,"  included  in  WateV-Supply 
Paper  No.  58,  an  estimate  has  been  made  of  the  cost  of  water  pumped 
from  the  ground-water  supply  by  electric  power  generated  on  Kings 
River.  The  estimates  are  made  on  the  basis  of  100  pumping  stations, 
each  with  a  maximum  capacity  of  5  second-feet  and  an  average  lift 
of  45  feet,  and  the  probable  cost  of  the  water  produced  is  given  as 
50  cents  per  acre-foot  when  the  pumping  plants  operate  328 J  days 
per  year  and  $1.43  when  the  pumping  plants  operate  100  days  per 
year. 

Among  the  conclusions  reached  by  Mr.  Lippincott*  after  a  thorough 
investigation  of  conditions  on  the  Kings  River  delta  are  the  following 

Pamping  plants  can  be  established  and  operated  which  will  furnish  1,000  acre-feet 
of  water  per  day  at  a  cost  not  much  greater  than  that  now  paid  for  gravity  water  from 
the  canals,  to  supplement  the  present  summer  supply  or  to  extend  the  irrigated  areas. 

The  operation  of  the  pumping  plants  will  partially  if  not  wholly  prevent  the  rising 
of  alkali  to  the  surface  of  irrigated  lands. 

The  rise  of  the  groimd  waters  presents  a  difficult  problem  in  prac- 
tically all  of  the  delta  lands  of  the  San  Joaquin  Valley,  and  is  merely 
particularly  well  exemplified  in  the  Kings  River  delta  in  Fresno 
County.  Mr.  Grunsky  states  that  the  rise  in  ground  waters  since 
the  beginning  of  irrigation  is  from  10  to  as  much  as  50  feet  in  parts 
of  the  delta.  One  great  difficulty  that  arises  in  dealing  with  the 
problem  is  due  to  the  fact  that  the  injury  is  done  in  one  locality 
while  a  large  part  of  the  cause  may  be  in  another.  The  lower  delta 
lands  are  the  chief  sufferers  from  the  rise  of  the  ground  waters, 
but  the  cause  is  to  be  found  in  the  irrigation  on  the  higher  lands 
as  well  as  on  those  affected.  Over  portions  of  the  central  arte- 
sian basin  and  about  its  borders  the  groimd  waters  have  always 
stood  close  to  the  surface,  and  much  of  the  land  was  impregnated 
with  alkali  before  thei^e  was  any  settlement  in  the  valley.  The  effect 
of  the  irrigation  on  the  higher  lands  has  been  to  extend  this  satu- 
rated alkali  zone  slowly  up  the  slope  toward  the  eastern  margin 
of  the  valley  until  it  has  encroached  to  a  certain  extent  upon  lands 
that  were  valuable. 

Without  storage  the  gravity  waters  will  not  serve  an  acreage 
greatly  in  excess  of  that  suppUed  by  them  now,  and  the  pimiping 

^Maclde,  W.  W.,  Redamation  of  whit&«sh  lands  affected  with  alkali  at  Fresno,  Gal.:  U.  S.  Dept. 
Agr.  Bnr.  Solb  BuU.  42, 1907. 

Fortier,  Samuel,  and  Cone,  V.  M.,  Drainage  of  irrigated  lands  in  the  San  Joaquin  Valley,  CaL:  U.  S.  Dept. 
Agr.  on.  Exper.  Sta.  Boll.  217, 1009. 

CoDe,  V.  M.,  Irrigation  in  the  Ban  Joaquin  Valley,  Cal.:  U.  S.  Dept.  Agr.  Office  Exper.  Sta.  BuU.  239, 
1911. 

*  Uppinoott,  J.  B.,  storage  of  water  on  Kings  River,  Califomfa:  U.  S.  Oeol.  Survey  Water-Supply 
Paper  5a  p.  96, 1902. 


Digitized  by  VjOOQIC 


236  GBOUND  WATER  IN   SAN   JOAQUIN  VALLEY. 

plants  that  must  be  installed  to  secure  future  growth  will  in  addition 
serve  a  most  valuable  function  in  drainage,  tending  to  prevent  the 
extension  of  alkali  conditions  and  aiding  in  the  reclamation  of  lands 
already  containing  too  much  alkali. 

FLOWINO  WELLS. 

The  flowing  wells  of  the  artesian  belt  of  Fresno  County  are  sparsdy 
scattered  over  a  broad  area  along  the  trough  of  the  valley.  In  1906 
there  were  only  about  40  of  them,  ranging  in  depth  from  less  than 
100  to  1,500  feet,  the  latter  being  the  depth  of  one  of  the  wells  be- 
longing to  the  Johns  estate,  north  of  Summit  Lake.  In  the  district 
adjacent  to  Lemoore,  south  of  Kings  River,  small  flows,  sufficient 
for  stock  and  domestic  use,  are  obtained  at  150  feet  and  less,  but 
farther  north  no  shallow  wells  are  found. 

Those  on  the  James  and  Herminghause  ranches,  south  of  San 
Joaquin  River,  are  600  to  800  feet  deep.  The  flowing  wells  of  the 
larger  ranches  were  bored  generaUy  to  obtain  a  supply  of  water  for 
stock  at  times  when  none  is  available  in  the  slougl^  and  irrigating 
ditches.  Irrigation  in  these  large  holdings  is  as  yet  accomplished 
only  during  the  flood  season  when  abimdant  gravity  water  is  avaQ- 
able  for  lavish  use.  The  possibility  of  using  groimd  waters  for  such 
purposes  is  scarcely  considered,  although  on  one  of  the  James  ranches 
the  water  from  a  flowing  weU  is  used  to  irrigate  about  50  acres  of 
alfalfa. 

The  great  west-side  plains,  with  their  productive  soil,  freedom  from 
hardpan,  good  drainage,  and  favorable  situation,  are  nonproductiTe 
because  of  their  aridity,  and  must  remain  so  imtU  water  can  be  applied 
to  them.  The  groimd-water  plane  seems  to  be  nearly  horizontal,  such 
evidence  as  is  at  hand  indicating  a  slope  of  only  about  2  to  5  feet  per 
mile;  hence  it  is  nearly  as  far  to  groimd  water  beneath  any  part  of 
these  plains  as  the  plains  themselves  are  above  the  lowest  part  of 
the  valley.  If  experiments  should  prove  that  these  lands  will  suc- 
cessfully produce  citrus  fruits  or  other  high-priced  products,  then  it 
may  be  that  the  water  can  be  pumped  to  them  from  the  v^ey  and 
the  venture  made  commercially  practicable  despite  the  great  expense 
involved,  for  it  is  to  be  remembered  that  water  is  pumped  to  heights 
of  several  hundred  feet  in  Tulare  and  San  Bernardino  coimties  in 
localities  where  it  can  be  used  on  good  citrus  lands  with  an  excellent 
margin  of  profit. 

At  present  the  west  slope  is  almost  devoid  of  permanent  residents. 
There  are  perhaps  a  dozen  settlers  between  Panoche  Creek  and  the 
Coalinga  branch  of  the  Southern  Pacific.  Sheep  camps,  occupied 
temporarily  in  winter,  are  scattered  over  them.  In  the  eaily  nineties 
a  few  seasons  of  heavy  rainfall  led  to  settlement  about  Huron,  and 
two  or  three  crops  of  grain  were  harvested,  but  since  then  there  has 
usually  jiot  been  sufficient  rainfall  to  mature  a  crop,  and  the  plains 
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have  been  abandoned  to  the  sheep  men,  who  lease  the  grazing  privileges 
from  the  large  landholders,  notably  the  Southern  Pacific  Co. 

QUALITY   OF   THE    WATER. 

The  water  from  wells  20  to  200  feet  deep  that  were  tested  on  the 
east  side  of  the  county  would  be  considered  entirely  suitable  for  use 
in  irrigation  except  that  within  about  10  miles  of  Kings  River  Slough. 
In  general,  calcium  carbonate  waters  of  moderate  mineral  content  are 
encountered  on  the  east  side,  but  the  characteristic  alkali  alteration 
takes  place  toward  the  axis  of  the  vaUey,  and  the  upper  waters  are  less 
desirable,  though  not  absolutely  harmful.  According  to  the  tests 
wells  100  to  300  feet  deep  at  Fresno  jdeld  supplies  containing  but 
from  120  to  300  parts  per  million  of  mineral  matter.  The  shallow 
wells  yield  somewhat  harder  water,  and  it  is  reported  that  the  water 
at  600  feet  is  good,  while  a  500-foot  well  6  miles  northeast  yields 
water  like  that  of  the  100  to  300  foot  wells  in  the  city.  Doubtless 
wells  could  be  sunk  to  1,000  feet  without  danger  in  the  deltas  east  of 
aline  joining  Jamesan  and  Caruthers,  if  it  were  necessary  or  desirable 
to  go  so  deep  as  that  for  sufficient  supply.  Determinations  by  means 
of  the  electrolytic  cell  of  the  total  solids  in  854  ground  waters  in 
Kings  River  delta,  including  parts  of  Kings  and  Tulare  coimties,  as 
well  as  the  greater  portion  of  the  east  side  of  Fresno  County,  are  pub- 
lished in  Water-Supply  Paper  58.*  Most  of  the  wells  from  which  the 
samples  were  taken  are  less  than  100  feet  deep,  none  in  Fresno  Coimty 
being  more  than  300  feet  deep.  According  to  these  estimates  the 
shallow  waters  are  moderately  low  in  mineral  content;  total  solids 
exceed  300  parts  per  million  in  only  5  per  cent  of  the  samples,  and 
only  two  among  several  hundred  samples  tested  in  Fresno  County 
contain  more  than  600  parts  per  million  of  dissolved  matter. 

The  quality  of  east-side  waters  deeper  than  1,200  feet  is  imknown 
for  no  weUs  approaching  that  depth  could  be  tested.  As  far  south  as 
Fresno  County  wells  more  than  1,200  feet  deep  strike  salt  water,  but 
south  of  that  county  wells  as  deep  as  2,000  feet  yield  fresh  water, 
and  it  is  therefore  evident  that  the  final  disappearance  southward  of 
excessive  chlorides  in  the  deep  supplies  takes  place  somewhere  be- 
tween Madera  and  Corcoran  and  probably  within  Fresno  County. 
Some  of  the  wells  550  to  800  feet  deep  near  Jamesan  Colony  give 
brackish  water,  but  this  is  no  indication  of  the  possibilities  farther 
east,  for  water  from  moderately  deep  flowing  wells  elsewhere  in  the 
valley  is  better  in  proportion  to  the  distance  of  the  wells  east  of  the 
axis.  The  water  of  the  1,200-foot  well  in  sec.  2,  T.  17  S.,  R.  18  E., 
contains  only  135  parts  per  million  of  chlorine  and  610  parts  of 
total  solids;  the  2,250-foot  well  in  sec.  14,  T.  18  S.,  R.  18  E.,  con- 
tains 279  parts  of  chlorine  and  872  parts  of  solids;  that  is,  neither 

*  Lippincott,  J.  B.y  Storage  of  water  on  Kings  River,  Califoniia:  U.  S.  Oeol.  Survey  Water-Supply 
Pap«r68,190a. 
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water,  though  both  are  near  the  axis,  where  the  alkali  content  of  the 
waters  should  be  greatest,  approaches  in  saltness  or  in  mineral  con- 
tent the  very  deep  waters  farther  north. 

The  west  side  of  the  county  is  mostly  semiarid  sheep  range,  but  the 
possibihty  of  producing  good  crops  by  the  use  of  ground  water  along 
the  lower  eastern  edge  of  this  west-side  plain  is  being  demonstrated 
around  Mendota  and  Huron,  and  on  several  isolated  farms  between 
these  settlements.  Barley,  Egyptian  com,  alfalfa,  and  general  garden 
truck  are  being  irrigated  by  pumping  hi  T.  14  S.,  R.  14  E.;  T.  15  S.,^ 
R.  14  E. ;  T.  15  S.,  R.  15  E. ;  and  T.  20  S.,  R.  17  E.  The  ground  water 
out  on  the  plains  is  highly  gypsiferous,  more  than  60  per  cent  of  the 
total  residue  consisting  of  calcium,  magnesium,  and  sulphate.  Such 
water  is  very  bad  for  boiler  use  because  treatment  to  remove  the  scale- 
forming  constituents  and  to  neutralize  the  corrosive  tendencies 
increases  the  foaming  ingredients  to  so  great  amount  that  excessive 
foaming  is  likely  to  occur.  The  content  of  alkali  is  not  excessive, 
however,  and  does  not  destroy,  though  it  reduces,  the  value  of  the 
water  for  irrigation.  The  area  in  which  such  ground  supplies  are 
typical  extends  from  South  Dos  Palos  to  the  Rings-Fresno  county 
Ihie  between  the  artesian  belt  on  the  east  and  the  foothills  of  the  Coast 
Range  on  the  west.  Only  one  well  in  it  more  than  250  feet  deep  was 
tested,  and  that  well,  1,200  feet  deep  m  sec.ll,  T.  20  S.,  R.  17  E., 
is  said  to  be  unproductive  below  400  feet;  it  is  probable  that  any 
waters  that  may  be  encountered  below  250  feet  are  similar  to  those 
above  that  depth  in  their  essential  characteristics. 

Plate  III  (p.  102)  and  figure  3  (p.  107)  show  the  relation  between  the 
location  and  depth  of  wells  in  the  artesian  area  and  the  sulphate  content 
of  their  waters.  Alkali  bases  are  predominant  in  all  of  them,  but  other- 
wise they  differ  greatly  from  one  another  in  composition  and  con- 
centration. Sodium  sulphate  waters  of  high  total  soUds  are  char- 
acteristic west  of  the  slough  and  sodium  chloride  and  sodium 
carbonate  waters  east  of  it  within  the  limits  of  the  artesian  area. 
They  are  fair  to  very  poor  for  irrigation,  and  supplies  from  shallower, 
nonflowing  wells  are  superior  for  general  use.  The  water  of  the  2,250- 
foot  well  in  sec.  14,  T.  18  S.,  R.  18  E.,  comes  from  one  of  the  deepest 
borings  in  the  valley.  The  analysis  by  Eaton  shows  it  to  be  muoh  less 
strongly  mineralized  than  other  suppUes  west  of  the  slough,  but  very 
poor  for  irrigation  because  of  its  high  content  of  bicarbonate,  chlo- 
ride, and  alkalies;  it  is  imderstood  that  the  water  killed  crops  to 
which  it  was  applied.  Its  content  of  foaming  constituents  is  great 
enough  to  make  it  undesirable  for  boiler  use.  The  fact  that  it  con- 
tains practically  no  sulphate,  though  all  the  other  waters  in  the  imme- 
diate vicinity  are  high  in  that  constituent,  indicates  that  the  well 
passes  through  the  typical  west-side  sediments  and  draws  its  supply 
from  beneath  them.  Greater  quantities  of  gas  than  are  present  in 
the  other  artesian  waters  of  the  county  escape  from  the  casing. 
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TX7I«ABB  COUNTY. 
GENERAL  CX)NDmONS. 

Tulare  County,  lying  north  of  Kern  and  east  of  Kings,  inchidoB 
the  eastern  edge  of  the  large  central  artesian  basin  at  its  widest 
part,  all  of  the  delta  of  Kaweah  and  Tule  rivers  and  a  part  of  that 
of  Kings  River,  and  the  famous  citrus  r^on  of  the  foothills  and  the 
higher  parts  of  the  valley  floor  about  PortersviUe,  Exeter,  and  Lindsay. 
It  also  includes,  in  the  southwestern  comer,  a  part  of  the  old  bed  of 
Tulare  Lake  and  a  part  of  the  district  submerged  during  the  last 
extremely  high  water,  in  1880.  The  high  water  of  1905-1907  did 
not  quite  reach  the  Tulare  Coimty  line. 

Kings,  Kaweah,  and  Tule  rivers  are  the  chief  sources  of  such  addi- 
tions to  the  ground  waters  as  are  made  in  this  coimty,  as  they  are 
the  sources  of  the  surface  waters  used  by  the  various  canal  systems.* 
Each  of  these  streams  has  a  distinct  though  rather  flat  delta,  and 
the  attitude  of  the  ground-water  plane  indicates  that  the  stream 
channels  and  canals  along  the  crests  of  the  deltas  are  the  direct 
sources  of  the  groimd  waters  in  the  higher  portion  of  the  valley  within 
Tulare  County,  and  that  from  these  lines  of  supply  the  waters  per- 
colate toward  the  lower  parts  of  the  valley  and  toward  the  areas 
between  the  deltas.  These  interareas  receive  only  the  slight  direct 
supply  that  is  derived  from  rainfall  and  from  the  minor  streams  that 
drain  the  foothills. 

Within  the  artesian  basin  south  and  west  of  Tulare  the  ground 
waters,  although  receiving  local  additions  within  the  county,  are 
a  part  of  the  general  body  of  ground  waters  of  the  central  valley, 
stored  there  as  a  result  of  accumulation  from  all  sources  during 
centuries  past,  and  are  in  general  slow  in  motion  northward  along  the 
valley  axis. 

FLOWING    WELLS. 

In  the  365  or  370  square  miles  of  artesian-water  land  within  the 
county  there  were  about  125  flowing  wells  in  1905,  representing 
an  investment  of  between  $150,000  and  $200,000.  Nearly  100  of 
these  wells  were  used  for  irrigation,  and  the  combined  yield  of  all  of 
them  was  estimated  at  less  than  25  second-feet.  The  greater  number 
of  them  are  7  inches  or  more  in  diameter,  while  a  few  old  wells  are  of 
smaller  bore.  They  are  most  numerous  on  the  Kaweah  delta  west  of 
Tulare  and  somewhat  farther  south,  west  of  Tipton  and  Pixley. 
Pasture  lands,  alfalfa,  gardens,  deciduous  fruits,  and  vineyards  are 
irrigated  by  the  use  of  the  waters  developed. 

1  An  account  of  these  systems  was  published  in  U.  8.  QeoL  Survey  Water-Siipply  Papers  17  and  1^ 
These  papers  are  out  of  print  but  may  be  consulted  in  libraries. 
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PUMPING  PLANTS. 

Irrigation  by  the  use  of  pumped  water  is  more  extensively  prac- 
ticed in  Tulare  Cioimty  than  anywhere  else  in  the  valley.  This  is  due 
to  the  development  of  ^itrus  culture  along  the  foothills  between 
Tula  River  and  Kaweah  River,  where  methods  in  vogue  in  the  citrus 
districts  south  of  the  Tehachapi  have  been  introduced.  There  were 
in  all  about  170  pumping  plants  in  use  for  irrigation  in  1905,  while 
a  nmnber  of  others  were  in  use  for  domestic  or  town  supplies.  Of 
the  total  number  125  were  electrically  driven  by  power  from  one 
company  and  45  were  gas  or  steam  plants. 

These  plants  are  adapted  to  a  wide  variety  of  conditions,  some 
of  them  pimiping  from  wells  in  which  the  water  stands  at  the  surface, 
and  others  lifting  it  from  a  depth  of  100  feet.  In  the  irrigation  of 
some  of  the  hiUside  citrus  groves  water  is  forced  to  heights  of  several 
hundred  feet,  usually  from  a  reservoir  into  which  it  is  pumped  from 
the  weUs.  The  best  equipped  plants  that  overcome  lifts  of  less  than 
75  or  80  feet  use  centrifugal  pumps  directly  connected  with  motors; 
when  the  lifts  are  greater  some  form  of  deep-well  plunger  pump  is 
used. 

In  the  Lindsay  district  the  groimd-water  level  varies  greatly  each 
year,  falling  during  the  pumping  season  and  rising  again  in  the 
winter  and  spring.  To  keep  the  pumps  and  motors  within  the 
suction  limit  during  the  low-water  period,  and  at  the  same  time  to  pre- 
vent their  submersion  during  the  winter  season,  some  of  the  ranchers 
have  adopted  the  plan  of  placing  the  machinery  in  a  tank.  In  one 
plant  examined,  the  motor  and  pump  were  fastened  to  a  movable 
platform  that  could  be  raised  or  lowered  in  adjustment  to  the  varying 
ground-water  level. 

The  Badger  Irrigation  Co.  at  Exeter  has  a  particularly  interesting 
plant  because  of  the  high  lift  of  waters  for  irrigation.  A  description 
of  this  plant  is  given  in  the  chapter  on  pumping  tests. 

PEBMANENGE  OF  THE  GROUND-WATEB  SUPPLY. 

Most  artesian  basins  are  very  sensitive  to  development,  old  wells 
decreasing  in  yield  as  new  ones  are  installed,  the  shallow  wells  and 
those  about  the  upper,  outer  edge  of  the  basin  being  the  first  to 
show  signs  of  failure.  Diminution  in  the  flow  of  £he  less  favorably 
situated  wells  will  take  place  in  actual  practice  long  before  the  basin 
is  overtaxed,  hence  some  alarm  is  likely  to  be  felt  and  some  individual 
loss  may  occur  before  the  alarm  is  justified  by  general  conditions.  In 
addition  to  the  normal  diminution  of  flow  in  wells  due  to  physical 
deterioration  in  casing  or  to  other  causes  not  related  to  a  general  loss 
of  head  and  reduction  in  supply,  a  new  well  drilled  in  the  neighbor- 
hood of  an  old  one,  or  so  situated  as  to  draw  in  part  from  the  same 
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general  zone  of  saturated  porous  materials,  will  affect  the  yield  of 
the  first,  although  the  combmed  yields  of  the  two  are  much  greater 
than  that  of  either  alone  and  much  less  than  the  supply. 

Until  wells  are  withdrawmg  water  from  an  area  more  rapidly  than 
it  is  supplied,  even  though  there  may  be  reduction  in  the  yield  of 
individual  weUs,  there  is  no  cause  for  alarm.  It  is  difficult  to  deter- 
mine when  this  point  is  reached  in  An  artesian  basin  because  diminu- 
tion in  flowing  wells  begins  soon  after  development  has  b^im,  but 
when  waters  are  pumped  it  is  less  difficult  to  tell.  The  continued 
lowering  of  the  ground-water  level  in  a  pumped  well,  through  years 
of  average  or  abundant  rainfall,  with  gradually  increasing  lifts  and 
correspondingly  increasing  costs,  indicates  overuse. 

A  comparison  of  the  flows  of  a  number  of  artesian  wells  in  Tulare 
County,  measured  first  by  the  California  State  Engineering  Depart- 
ment in  1885,  and  20  years  later  by  the  United  States  Geological 
Survey,  indicates,  as  is  to  be  expected,  a  general  duninution  of  yield, 
this  decrease  varying  from  40  to  90  per  cent.  A  part  of  it  is  undoubt- 
edly due  to  the  installation  of  new  welk  in  recent  years,  but  much 
of  it  is  to  be  accoimted  for  by  the  clogging  and  filling  of  the  wells  and 
the  rusting  of  the  casing.  In  any  event  the  losses  are  not  serious,  and 
in  view  of  the  immensity  of  the  basin  and  the  large  supplies  that 
reach  it  annually,  it  can  not  be  considered  to  have  approached  the 
po'mt  of  overuse. 

This  observation,  however,  does  not  hold  for  some  of  the  areas  in 
which  pumping  is  most  intense.  The  lands  favorable  for  citrus 
culture  are  distributed  along  a  frost-free  belt  on  the  lower  foothills 
and  adjacent  high  parts  of  the  valley  floor.  The  zone  of  most  intense 
l)imiping  is  along  the  eastern  edge  of  the  valley,  between  the  deltas 
of  Tule  and  Kaweah  rivers.  The  ground  waters  here  receive  some 
slight  accessions  from  local  run-off  from  the  foothills  and  from  minor 
streams  that  flow  out  from  them,  but  their  principal  source  is  the 
constant  supply  that  sinks  in  the  deltas  of  the  major  streams  and 
percolates  thence  slowly  in  all  directions. 

On  the  deltas  themselves,  especially  along  their  lower  portions, 
where  so  much  damage  has  been  done  in  recent  years  as  a  result  of 
over-irrigation,  the  consequent  rise  of  the  ground-water  plane  Bui 
with  it  the  alkali,  pumping  is  most  helpful;  in  fact,  pumping  wiD 
doubtless  be  one  of  the  means  by  which  the  damage  done  by  ove^ 
irrigation  in  the  past  will  be  remedied  in  the  future;  but  in  the  citrus 
belt  of  Tulare  County  pumping  thus  far  has  been  concentrated  upon 
those  points  remote  from  the  deltas  and  from  the  trough  of  the  valley, 
where  supphes  are  least  rapidly  replenished.  As  a  result  there  hss 
been  a  noticeable  lowering  of  the  water  plane  in  recent  years  and  9M 
increased  cost  of  the  water  product.  As  a  matter  of  safety  to  the 
orchards  already  producing,  means  should  be  taken  to  prevent  the 
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instanation  of  additional  pumping  plants  in  those  parts  of  the  citrus 
belt  where  development  is  now  most  intense  and  the  effects  upon  the 
ground  water  have  been  most  clearly  discerned,  for  it  is  obviously 
more  important  to  protect  the  orchards  that  are  already  producing 
than  to  plant  more. 

QUALmr  OF   WATER. 

The  quality  of  ground  water  in  the  basin  of  Tulare  Lake  has  been 
discussed  in  detail  in  pages  104-109.  Waters  from  wells  20  to  1,400 
feet  deep  east  of  the  boundary  indicated  by  B'B'  (PI.  II),  generally 
are  carbonate  waters,  good  or  fair  for  irrigation,  containing  about  240 
parts  per  million  of  total  solids.  Nearly  all  the  deep  wells  yield 
sodium  carbonate  water;  nearly  all  the  supplies  are  low  in  scale- 
foraiing  and  foaming  ingredients  and  are  noncorrosive.  The  waters 
from  wells  less  than  100  feet  deep  show  greater  difference  in  quality 
than  the  deeper  supplies,  a  condition  explainable  by  the  probability 
that  the  more  highly  mineralized  ones  come  from  pockets  of  alkali- 
impr^nated  silt.  The  shallow  waters  of  high  mineral  content  almost 
mvariably  are  taken  from  wells  on  tracts  showing  alkali. 
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QBOUND   WATBB  IN   SAN  JOAQUIN   VAULEY.  281 

KIKOS  COUNTY. 
OENEBAL  CONDITIONS. 

The  valley  portion  of  Kings  Comity  includes  the  present  and  past 
Tulare  Lake  bottoms  and  the  southern  slope  of  the  lower  Kings 
River  delta.  Tulare  basin  is  the  lowest  point  in  the  southern  section 
of  the  valley  and  is  the  area  in  which  all  surplus  waters  from  Kings 
River  southward  accumidate.  The  flood  waters  of  Kings  River  are 
divided  on  its  delta,  part  of  them  flowing  northward  to  join  the  San 
Joaquin  drainage,  while  the  other  part  flows  into  Tulare  Lake.  Dur- 
ing years  of  low  or  moderate  snowfall  and  rainfall  in  the  Sierra, 
practically  all  the  flow  of  Kern,  Tule,  Kaweah,  and  Kings  rivers  is 
used  in  irrigation,  and  there  is  but  little  excess  to  escape  to  the  basin; 
but  during  years  of  heavy  precipitation  great  volumes  of  water 
accumulate  in  the  Tulare  lowlands.  This  basin  is  very  shallow.  Its 
shores  have  gentle  slopes,  hence  the  area  of  the  lake  fluctuates  widely 
with  slight  changes  in  the  depth  of  the  water  in  it.  Since  settlement 
b^an  in  the  San  Joaquin  Valley  it  has  had  a  complex  history. 
What  is  known  of  its  earlier  history  has  been  summarized  by 
Gnmsky.*  That  part  of  the  following  rfismnfi  which  deals  with 
conditions  prior  to  1897  is  condensed  from  his  account;  the  r6siun6 
of  conditions  since  1907  has  been  furnished  by  H.  D.  McGlashan, 
district  engineer,  U.  S.  Geological  Survey. 

RisumS  of  history  of  Tulare  Lake.^ 
1853.  High. 

1853-1861.  Subsidence;  elevation  of  surface  in  1861,  204  feet  above  sea  level. 

1861-1863.  Rapid  rise  to  the  highest  known  stage,  220  feet  above  sea  level,  overflowing 
into  San  Joaquin  River;  area  about  800  square  miles. 

1863-1867.  Decline  to  about  208  or  209  feet  above  sea  level. 

1867-1868.  Filled  again  to  about  220  feet  above  sea  level. 

1872-1876.  Fluctuated  between  211  and  217  feet  above  sea  level. 

1876-1883.  Decline  to  192  feet  above  sea  level;  lowest  stage  then  known. 

1883-1897.  Fluctuating;  generally  low. 

1897-1905.  Decline;  practically  dry  in  1898;  dry  in  autumn  of  1905. 

1905-1907.  Rise;  elevation  of  water  surface  in  summer  of  1907,  193  feet  above  sea 
level;  aiea  of  water  surface,  November,  1907,  274  square  miles.' 

1907-1908.  Depth  graduaUy  decreasod  from  14  feet  in  June,  1907,  to  8.3  feet  in  Decem- 
ber, 1908. 

1909-1911.  Gradual  rise  to  depth  of  13.4  feet  in  July,  1909;  change  in  stage  gradual 
to  December,  1911,  when  depth  was  10  feet. 

1912-1913.  Precipitation  low.    Depth  graduaUy  decreased  to  1.5  feet  in  September, 
1913. 

1  Qnmsky,  C.  E.,  IirigatioD  near  Bakersfleld,  Cal.:  U.  B.  GeoL  Survey  Water-supply  Paper  17,  pp. 
16-17, 1888.    Out  of  print;  nay  be  consulted  in  libraries. 

*  ElevatloD  of  bottom  of  lake,  179.1  feet  above  sea  leveL 

*  McOlaahaii,  H.  D.,  and  Dean,  E.  J.,  Stream  measurements  tn  Ban  Joaquin  RIyer  basin:  U.  S.  OeoL 
Survey  WaterSupply  Paper  280,  p.  20, 1912. 
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282  GROUND  WATEB  IN  SAN  JOAQUIN  VALLEY. 

A  knowledge  of  the  history  of  this  lake  makes  clear  the  origin  and 
character  of  the  soils  of  all  except  the  northern  part  of  Kings  County, 
where  the  alluvial-fan  or  ''delta"  conditions  so  general  in  San 
Joaquin  Valley  prevail. 

Evidences  of  the  former  occupancy  of  the  lowlands  by  the  lake 
appear  everywhere.  Faintly  marked  sandy  beaches  encircle  the 
depression  at  various  elevations  and  over  these  beaches  are  strewn 
the  shells  of  the  moUusks  that  lived  in  the  lake.  In  its  lowest  parts, 
dry  and  planted  in  grain  in  1905;  the  fine  sediments  that  settled  in 
the  lake  bottom  make  a  fertile  alluvial  soil. 

It  is  to  be  presimied  that  the  history  of  the  lake  for  many  centuries 
has  been  like  that  part  of  it  which  we  know  directly,  i.  e.,  that  it  has 
fluctuated  in  area  and  depth,  occasionally  drying  out  completely,  then 
filling  to  the  point  of  overflow.  Under  such  conditions  relatively 
little  of  the  water  which  it  has  contained  can  have  escaped  by  surface 
overflow;  the  greater  part  of  it  has  evaporated  or  has  been  absorbed 
by  the  sands  and  silts  of  the  lake  bottom. 

With  the  shrinking  of  the  lake  during  the  years  preceding  the 
inflow  of  1906,  its  old  floor  was  placed  under  cultivation  and  valuable 
crops  of  grain  were  produced.  This  successful  grain  culture  proves 
the  nonalkaline  character  of  the  present  surface  of  the  old  lake 
bottom,  but  the  saline  waters  yielded  by  numerous  shallow  flowing 
wells  within  it  indicate  the  presence  of  alkaU  at  slight  depths.  The 
few  wells  available  as  evidence  in  and  about  the  borders  of  the  old 
lake,  however,  indicate  that  deeper  weUs  in  some  places  obtain  the 
better  water. 

FLOWING  .WELLS. 

There  are  probably  as  yet  less  than  100  flowing  wells  in  Kings 
County  (77  were  visited  by  Geological  Survey  representatives  in  1905), 
yielding  approximately  20  second-feet.  Probably  not  more  than 
one-third  of  the  wells  are  used  for  irrigation,  a  large  number  of  small- 
bore shallow  weUs  being  used  for  stock  and  for  domestic  supply. 
The  northern  part  of  the  coimty,  in  the  vicinity  of  Hanford,  Armona, 
and  Lemoore,  is  well  supphed  with  surface  water  by  the  canal  systems 
that  head  in  Kings  River,  and  is  a  most  productive,  thoroughly  culti- 
vated area.  Groimd  waters  are  not  needed  and  no  serious  attempt 
has  been  made  to  utiUze  them  here. 

In  the  vicinity  of  Corcoran,  Waukena,  and  Angiola,  however,  a 
successful  colony  has  been  established  that  depends  almost  entirely 
upon  ground  waters.  A  number  of  deep  wells  have  been  put  down 
to  depths  of  900  to  1,600  feet,  which  yield  flowing  waters  in  amounts 
ranging  from  5  to  40  miner's  inches.  Shallow  wells  have  also  been 
bored  and  pumping  plants  have  been  installed  over  them.  The 
tract  includes  about  30,000  acres,  and  alfalfa,  cereals,  sugar  beets, 
dairy  and  garden  products,  and  fruits  are  produced  successfully. 
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KINGS  COUNTY.  288 


QUALITY  OF  WATER. 


The  quality  of  the  water  around  Tulare  Lake  has  been  discussed 
in  detail  in  pages  104-109.  Along  the  northern  and  eastern  borders 
of  the  county  dependence  is  placed  almost  exclusively  in  artesian 
weUs  1,000  to  2,000  feet  deep  for  irrigation  supplies.  These  wells 
yield  fair  water.  Close  to  the  lake  and  within  its  borders  wells  20 
to  300  or  400  feet  deep  yield  very  poor  water,  but  the  quality  of 
water  between  those  depths  grows  better  in  proportion  to  distance 
from  the  center  of  the  lake. 

Means's  tests  reported  by  Lippincott^  indicate  that  the  waters 
near  the  surface  inmiediately  east  and  southeast  of  Hanford  are  poor 
in  quality;  the  areas  aroimd  the  40-foot  well  in  sec.  1,  T.  19  S., 
R.  21  E.,  and  the  42-foot  well  in  sec.  2,  T.  18  S.,  R.  23  E.,  may  form 
part  of  the  same  territory. 

Wells  1,200  to  1,800  feet  deep  along  the  eastern  border  of  the 
county  yield  water  excellent  for  all  uses. 

Three  sulphate  waters  west  of  the  lake  are  acceptable  in  irrigation; 
that  from  the  285-foot  well  in  sec.  24,  T.  21  S.,  R.  18  E.,  is  being 
applied  to  vines,  garden  truck,  and  small  fruit  trees.  The  quality  of 
water  likely  to  be  struck  by  wells  south  and  southwest  of  the  lake 
is  problematical  for  that  region  includes  the  marshy  overflow  lands 
across  which  the  discharge  of  Kern  River  has  passed,  and  as  the 
silts  there  have  probably  been  derived  from  both  east-side  and  west- 
side  encroachments  it  can  not  be  assimied  that  the  waters  from  them 
would  be  of  the  west-side  type.  It  seems  probable,  however,  that 
supphes  similar  to  those  in  T.  22  S.,  R.  22  E.,  would  be  foimd  in 
T.  23  S.,  R.  22  E.,  and  that  artesian  waters  m  T.  22  S.,  R.  19  E., 
and  T.  23  S.,  R.  20  E.,  would  be  similar  to  that  from  the  225-foot 
well  m  T.  22  S.,  R.  19  E. 

1  Llppincott,  7.  "B.,  Storage  of  water  <m  Kings  River,  California:  U.  S.  OeoL  Survey  Water-Supply 
Paper  58,  pp.  66-79, 1902. 
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GROUND  WATER  IN  SAN   JOAQTHN  VALLEY.  289 

KBBK  COUNTY. 
GENERAL  CONDITIONS. 

Eem  County,  which  includes  the  extreme  southern  end  of  the  San 
Joaquin  Valley,  receives  its  principal  water  supply,  both  surface  and 
undei^round,  from  Kem  River,  which  flows  out  upon  the  valley  floor 
just  above  Baker^eld.  Minor  amounts,  chiefly  as  winter  flood 
waters,  are  contributed  by  Poso  Creek  and  the  streams  that  enter 
the  valley  from  the  south  and  west.  The  supply  in  excess  of  that 
used  by  the  canal  systems  flows  mto  Buena  Vista  Reservoir,  where  it 
]s  stored  for  the  irrigation  of  the  Miller  &  Lux  lands  along  the 
trough  of  the  valley  to  the  north.  During  seasons  of  particularly 
heavy  stream  flow,  a  portion  of  the  water  escapes  northward  along 
either  the  main  channel  or  Goose  Slough  channel  toward  Tulare  Lake. 
This  county  has  the  least  precipitation  of  all  those  in  San  Joaquin 
Valley,  the  average  for  a  long  period  at  Bakersfield  being  4.81  inches,^ 
and  consequently  the  direct  supply  of  surface  water  is  markedly 
small. 

In  the  course  of  its  distribution  over  the  delta  lands  through  the 
canals  in  irrigation,  and  by  flow  through  the  natural  distributaries,  a 
definite  portion  of  the  water  sinks  and  so  maintains  a  condition  of 
saturation  of  the  sands  and  gravels  that  have  been  deposited  in  the 
course  of  the  growth  of  the  delta.  These  saturating  waters,  like  the 
surface  waters,  move  in  the  direction  of  the  slope  of  the  delta,  but  at 
a  much  slower  rate.  They  circulate  more  freely  through  the  coarser 
beds  of  the  delta  deposits,  and  as  they  pass  beneath  the  finer  beds  that 
u^  more  numerous  in  those  parts  of  an  alluvial  fan  that  are  most 
distant  from  its  head  they  accumulate  pressure.  Therefore  when 
the  confining  beds  above  them  are  pierced  by  a  well  they  rise,  and 
if  the  pressure  is  sufficient  they  flow  over  the  surface.  These  are  the 
flowing  artesian  wells  of  the  beds  of  Kem  and  Buena  Vista  lakes  and 
the  region  extending  some  miles  north  of  them,  and  of  the  main  San 
Joaquin  Valley  artesian  basin,  beginning  in  the  neighborhood  of  But- 
tonwillow  and  extending  thence  northward  down  San  Joaquin 
Valley  to  the  delta  of  San  Joaquin  and  Sacramento  rivers.  It  may 
connect  with  the  Buena  Vista  artesian  area,  although  there  is  no 
evidence  available  now  to  determine  this  point. 

FLOWING  WELLS. 

In  1905  there  were  112  flowing  wells  in  the  county  that  were  exam- 
ined, and  there  were  doubtless  a  few  more  that  were  not  seen.  The 
yield  of  these  was  in  the  neighborhood  of  70  or  75  second-feet.  About 
one-third  of  the  wells  were  used  for  irrigation,  the  remainder  being 

1  Cone,  v.  M.,  Irrigation  in  the  San  Joaquin  Valtoy,  California:  U.  S.  Dept.  Agr.  Oil.  Ezper.  Sta.  BulL 
230,  p.  11, 1911. 
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used  for  stock  or  domestic  purposes  or  allowed  to  waste.  The  areas 
in  which  they  occur  are  indicated  by  the  outlines  of  the  artesian 
basins,  as  shown  on  PL  I  (in  pocket). 

Generally  speaking,  the  artesian  pressures  have  not  been  seriously 
affected  by  the  developments  that  have  taken  place  to  date,  although 
there  are  some  wells,  as  in  the  Semitropic  district,  whose  flow  has 
decreased  markedly  as  a  result  of  the  boring  of  big  wells  near  by,  but 
on  lower  groimd  and  therefore  in  more  favorable  situations.  Arte- 
sian wells  usually  deteriorate  with  age,  as  a  result  of  any  one  of  sev- 
eral causes,  as  slow  filling  with  sand,  clogging  by  gelatinous  growths 
of  microscopic  organisms,  and  deterioration  of  the  casing. 

The  State  Engineering  Department  of  California  measured  the  yield 
of  certain  flowing  wells  in  the  Kern  delta  in  1885,  and  some  of  these 
were  remeasured  in  1905.  The  remeasured  weUs  show  decreases  in 
yield  varying  from  50  to  100  per  cent,  but  in  only  one  of  the  wells 
available  for  comparison  has  there  been  complete  cessation  of  flow. 
Decrease  in  yield  of  individual  wells  as  development  progresses  is  so 
usual  a  phenomenon  that  no  conmnmity  can  safely  plan  its  future 
on  the  assiunption  that  a  cheap  supply  of  this  type  will  remain  con- 
stant, even  in  such  large  basins  as  those  of  the  San  Joaquin.  But 
flowing  water  should  be  available  for  years  from  those  wells  whose 
initial  yield  is  sufl&ciently  large  to  be  of  value.  Later,  when  the 
commimities  are  more  thickly  settled  and  the  wells  are  so  closely 
grouped  that  flow  and  yield  are  materially  decreased,  industrial  con- 
ditions may  have  so  changed  that  piunps  can  profitably  be  installed 
to  augment  the  supply.  The  cost  of  such  pumped  waters  will  usually 
be  particularly  low,  because  of  the  slight  lift  required  to  bring  them 
to  the  surface. 

PUBfPING  PLANTS. 

In  1906  there  were  more  than  100  pumping  plants  in  Kern  County 
developing  imderground  water  for  various  purposes.  Of  these  about 
40  were  gas  plants,  25  were  steam  plants,  and  the  rest  were  electric. 
Nearly  aU  of  the  steam  plants  have  been  abandoned  or  replaced  with 
plants  using  gas  engines  or  electric  motors.  The  developed  waters 
are  used  for  irrigation,  for  city  supphes,  for  engine  waters,  and  as  sup- 
plies for  steam  plants,  as  at  the  pumping  stations  of  the  Pacific  Coast 
Oil  Co. 

In  the  district  about  Bakersfield  50  pumping  plants  are  in  use  to 
develop  irrigation  water.  Half  of  these  are  electrically  operated 
and  belong  to  the  Kern  County  Land  Co.  Each  of  these  plants  is 
equipped  with  30  or  40  horsepower  motors  directly  connected  with 
No.  8,  10,  or  12  centrifugal  pumps.  Each  pump  is  connected  with 
from  one  to  four  13-inch  wells,  the  number  being  deterxnined  by  the 
yield  of  each  well.     From  the  data  collected  on  these  wells  the  fol- 
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lowing  cost  averages  were  computed  on  the  basis  of  the  quoted  charge 
of  15  cents  per  horsepower  per  24  hours  for  the  electric  power  used. 

Table  59. — Data  concerning  pumping  plants  in  Kern  County, 

Average  depth  to  the  vater  from  the  surface,  in  feet 10 

Average  suction  20  feet.    Average  total  lift,  in  feet 30 

Total  yield  of  25  plants,  in  second-feet 100. 34 

Total  horsepower  consumed 860 

Total  cost  per  day  for  current  to  develop  100.34  second  feet, 

860  H.  P.,  at  15  cents 1129.00 

Cost  per  second-foot  for  24  hours |L29 

Cost  per  acre-foot  of  water  developed $0. 65 

The  company  estimates  that  other  items  bring  the  total  cost  of 
operation  and  maintenance  to  $1.70  per  second-foot  for  24  hours  or 
85  cents  per  acre-foot.  Taxes,  interest,  and  depreciation  amoimt  to 
about  15  per  cent  on  the  investment,  and  as  the  plants  are  operated 
about  100  days  a  year  these  items  increase  the  total  cost  of  devel- 
oping groimd  water  to  $3  per  second-foot  for  24  hours  or  $1.50  per 
acre-foot. 

The  standard  of  water  costs  in  this  district  is  set  by  the  price  of 
gravity  water  from  the  Kern — 75  oents  per  second-foot  for  24  hours, 
or  about  38  cents  per  acre-foot,  where  distribution  is  affected  by  sales. 

The  pumped  water  therefore,  even  under  the  excellent  system  of 
the  Eem  (Joimty  Land  Co.,  costs  about  four  times  as  much  as  the 
gravity  water,  and  its  cost  will  increase  as  it  is  developed  from 
deeper  strata  with  higher  lifts.  It  seems  to  be  quite  generally  be- 
lieved locally  that  water  at  these  prices  can  not  be  used  profitably. 

This  may  be  true  with  the  wasteful  methods  employed,  the  exces- 
sive amounts  of  water  often  appUed,  the  class  of  crops  produced,  and 
the  general  lack  of  intensive  cultivation;  but  it  has  been  clearly 
proved  in  other  communities  and  by  individual  experiences  in  the 
Bakersfield  region  itself  that  with  more  diversified  or  better  selected 
crops,  smaller  individual  holdings,  and  more  intensive  methods  of 
fanning,  good  profits  may  be  made  from  the  alkaU-free  lands  of  the 
delta  and  plains  by  the  careful  use  of  water  at  these  or  at  even 
higher  prices.  It  is  safe  to  predict  that  the  most  important  future 
developments  in  Kern  County  will  result  from  the  application  of 
these  principles. 

Under  any  conditions  that  are  likely  to  obtain  in  the  near  future 
it  is  not  to  be  expected  that  ground  waters  at  greater  depths  than 
25  or  30  feet  below  the  surface  as  an  extreme  will  be  usable  for  irriga- 
tion purposes.  Water  at  this  or  less  depths  exists,  of  course,  through- 
out the  artesian  areas  along  the  lowest  parts  of  the  valley.  It  is  to 
he  found  also  throughout  the  greater  part  of  Kern  delta  and  in  the 
lower  parts  of  Poso  Creek  delta  from  a  point  about  halfway  between 
Famoso  and  Wasco  westward.     Near  the  foothills  on  each  side  of  the 
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valley  the  ground  water  is  not  accessible  except  under  unusual  con- 
ditions, as  in  the  flood  plains  of  the  larger  rivers,  or  in  areas  where 
particularly  valuable  products,  such  as  citrus  fruits,  will  justify  the 
expense  of  pumping  to  exceptional  heights.  In  the  intermediate 
areas  between  the  deltas  of  the  streams  that  supply  the  groimd  wat^ 
it  is  also  apt  to  be  too  deep  to  be  accessible.  This  condition  is  illus- 
trated in  the  area  between  Kern  and  Poso  Creek  deltas,  east  of  Shaf- 
ter  station,  on  the  Santa  Fe  Railway,  and  in  the  region  between 
Delano  and  the  foothills  just  south  of  the  Tulare  County  line. 

Near  the  northern  edge  of  the  county  the  main  artesian  belt  of 
the  valley,  whose  southern  end  is  in  the  vicinity  of  Buttonwillow, 
expands  to  a  width  of  26  or  27  miles  measured  along  the  county  line. 
Much  of  this  central  portion  of  the  valley  along  the  north  edge  of 
Kern  County  is  in  large  holdings  and  is  therefore  but  thinly  settled, 
but  developments  are  ample  to  prove  the  artesian  conditions  and  to 
permit  outlining  the  artesian  belt  with  a  fair  degree  of  accuraqr. 
The  outlines  as  determined  are  shown  on  the  map  (PI.  I,  in 
pocket),  which  also  shows  by  means  of  hydrographic  contours  the 
depth  to  the  ground-water  level  outside  the  artesian  limits. 

Although  little  direct  evidence  bearing  upon  this  point  exists, 
there  can  be  no  doubt  that  beneath  the  broad  steeply  sloping  west- 
side  plains  of  Kern  Coimty  the  groimd  water  a  few  miles  back  from 
the  trough  of  the  valley  is  too  deep  to  be  accessible,  because  the  water 
table  has  but  httle  slope,  the  depth  to  it  at  any  point  being  approxi- 
mately equal  to  the  elevation  of  that  point  above  the  trough  of  the 
valley. 

QUALITY  OF  WATER. 

The  information  r^arding  the  quality  of  the  ground  waters  of 
Kern  County  is  more  or  less  local,  and  therefore  generalizations  can 
not  be  made  with  such  definiteness  as  in  other  parts  of  the  valley. 
Water  from  wells  of  different  depths  around  Delano,  Famoso,  and 
Oil  Center  was  tested,  and  the  basin  of  Kern  Lake  was  explored. 
A  line  of  assays  was  made  from  Famoso  to  Semitropic,  and  deep 
and  shallow  waters  were  examined  as  far  west  as  Buttonwillow 
and  T.  25  S.,  R.  23  E. 

The  chemical  composition  of  waters  in  Kern  County  is  somewhat 
different  from  that  of  supplies  farther  north,  especially  in  respect  to 
the  distribution  of  sulphate.  Five  wells  43  to  220  feet  deep  at 
Delano  yield  waters  good  for  irrigation  and  fair  to  poor  for  boiler 
use;  all  contain  appreciable  amounts  of  sidphate,  but  they  are  not 
nearly  so  strongly  mineralized  as  the  water  of  an  18-foot  well,  which 
carries  1,600  parts  of  total  soUds.  Three  wells  east  of  Delano  in 
T.  25  S.,  R.  26  E.,  80  to  180  feet  deep,  yield  sodium  carbonate  water 
low  enough  in  mineral  content  to  be  good  for  irrigation.    Water 
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from  two  wells  108  and  118  feet  deep  at  Delano  is  being  successfully 
used  in  irrigating  orange  trees. 

Flowing  wells  300  to  995  feet  deep  at  Pond  pumping  station  and 
west  of  there  in  T.  25  S.,  R.  24  E.,  yield  sodium  carbonate  waters 
low  in  mineral  content  like  those  along  the  western  border  of  Tulare 
County,  and  these  waters  have  been  used  to  irrigate  alfalfa,  grain, 
garden  truck,  and  trees.  The  only  shallow  well  that  was  tested 
gives  a  sodium  sulphate  water  of  poorer  quaUty.  The  supply  from 
a  700-foot  well  at  Pond  pumping  station  is  used  in  boUers  without 
treatment  except  preheating,  and  the  assay  shows  that  the  water 
is  low  in  all  harmful  constituents. 

Wells  50  to  175  feet  deep  at  Famoso  yield  calcium  carbonate 
water,  acceptable  for  irrigation  and  somewhat  lower  in  mineral 
content  than  the  average  water  of  the  east-side  type  farther  north. 
Wells  of  similar  depth  west  of  Famoso  yield  inferior  sodium  carbonate 
water  higher  in  sulphate.  Wells  172  to  326  feet  deep  around 
Semitropic  still  farther  west  have  suppUes  similar  to  those  at  Pond, 
and  their  waters  have  been  similarly  used.  Water  from  the  480- 
foot  well  in  sec.  8,  T.  27  S.,  R.  23  E.,  curiously  enough,  is  much 
higher  in  chlorine  than  that  from  the  other  wells.  As  the  water  of 
a  1,150-foot  well  in  the  same  section  has  not  been  used  for  a  long 
time  and  stands  below  the  top  of  the  casing  the  complete  test  of 
its  water  is  not  reported,  but  it  shows  the  presence  of  235  parts 
per  million  of  chlorine.  Water  from  the  artesian  well  of  S.  B. 
Anderson,  west  of  Semitropic,  the  depth  of  which  is  not  reported; 
contains  more  than  700  parts  of  chlorine,  according  to  an  examination 
made  in  the  State  laboratories.  All  these  wells  probably  he  in  the 
eastern  edge  of  a  highly  mineralized  area,  for  deep  waters  east  of 
this  locaUty  are  low  in  chlorine. 

The  water  that  is  pmnped  with  the  oil  from  wells  in  Kern  River 
field  contains  Uttle  sulphate  or  chloride,  but  it  is  very  hard.  A 
battery  of  wells  about  400  feet  deep  in  sec.  5,  T.  29  S.,  R.  28  E.,  and 
a  200-foot  well  in  sec.  7,  T.  29  S.,  R.  28  E.,  furnish  boiler  and  drink- 
ing water  moderate  in  mineral  content  and  much  better  than  that 
from  deeper  wells.  No  pretreatment  is  necessary  for  these  supplies, 
and  only  a  small  amoimt  of  e^shell  scale  has  to  be  removed  from 
the  boilers  every  two  weeks. 

Shallow  waters  as  far  south  of  Bakersfield  as  Kern  Lake  basin  are 
fair  for  use  in  boilers  and  good  for  irrigation,  as  they  are  calciimi 
carbonate  waters  of  moderate  mineral  content.  Their  situation  in  a 
well-cultivated  region  supphed  with  smrface  water  partly  explains 
their  excellent  quality.  The  deeper  waters  in  the  lake  basin  farther 
south  are  of  good  quality,  but  they  increase  in  sulphate  southward, 
and  those  close  to  the  foothills  are  bad.    These  changes  are  graphi- 
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cally  represented  in  section  D'  E',  figure  4,  and  they  are  more  fully 
discussed  on  pages  109-1 10. 

The  poor  quality  of  the  ground  waters  in  an  alkali  belt  immediately 
southeast  of  Kern  is  proved  by  the  tests  of  supplies  in  the  eastern 
part  of  T.  30  S.,  R.  28  E.  Three  waters  from  weUs  60,  140,  and  240 
feet  deep  south  of  this  area  are  better. 

Four  flowing  wells  northeast  of  Buttonwillow,  444  to  850  feet 
deep,  yield  similar  supplies.  As  they  are  sodium  carbonate  waters 
of  low  mineral  content,  similar  to  those  at  Semitropic  and  Pond,  it 
is  reasonable  to  conclude  that  flowing  wells  east  of  range  23  between 
Buttonwillow  and  Kings  River  will  yield  water  good  or  fair  for  irri- 
gation and  for  boiler  use.  A  shallow  well  in  sec.  31,  T.  28  S.,  R.  24 
E.,  gives  water  of  the  same  nature.  The  low,  broad,  but  well-defined 
ridge  that  lies  between  the  artesian  area  in  T.  28  S.,  R.  24  E.,  and 
that  in  T.  29  S.,  R.  23  E.,  may  separate  the  two  flowing-well  basins. 
The  fact  that  the  three  artesian  supplies  in  the  latter  township  are 
sodium  chloride  waters  of  poorer  quality  than  those  northward  is 
significant  but  not  conclusive,  as  conditions  here  may  be  analogous 
to  those  at  Semitropic,  where  no  such  ridge  exists.  Two  shallow 
wells  at  Buttonwillow  yield  hard  water  good  for  irrigation  but  poorer 
than  that  in  T.  28  S.,  R.  24  E.,  while  the  101-foot  well  at  Button- 
willow depot  yields  still  harder  water. 

Little  information  is  available  regarding  the  quality  of  the  waters 
west  of  range  23,  but  the  data  given  by  Arnold  and  Johnson* 
regarding  the  springs  and  wells  in  the  west-side  hills  establish  their 
highly  mineralized  character.  These  supplies  are  probably  similar 
in  composition  and  concentration  to  the  gjrpseous  waters  of  western 
Fresno  County. 

1  Arnold,  Ralph,  and  Johnson,  II.  R.,  Preliminary  report  on  McKittrick-Sunset  oil  region,  CaL:  U.  S. 
OeoL  Survey  BuU.  406,  pp.  103-107, 1910. 
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GEOLOGY  MD  GROUND  WATERS  OF  NORTHEASTERN 

ARKANSAS. 


By  LiLOYD  William  Stephenson  and  Albert  Foster  Crider. 


INTRODUCTION. 
PHYSIOGBAPHIG  PBOVINCES  OF  ABKANSAS. 

Arkansas  is  divisible  into  two  physiographic  provinces.  The  area 
northwest  of  a  line  running  from  the  northeastern  comer  of  Randolph 
County  southwestward  through  Powhatan,  Searcy,  and  Little  Rock, 
to  near  Arkadelphia,  Clark  County,  and  thence  westward,  is  included 
in  the  division  known  as  the  Ozark  province  and  embraces  approxi- 
mately 25,000  square  miles.  The  rest  of  the  State  is  included  in  the 
Gulf  Coastal  Plain,  the  area  of  which  is  approximately  27,500  square 
miles.  More  than  half  of  the  Gulf  Coastal  Plain  falls  within  the 
physiographic  division  known  as  the  Mississippi  embayment,  a  broad 
arm  which  extends  from  the  main  plain  up  the  valley  of  Mississippi 
River  to  the  southern  part  of  Illinois,  a  distance  of  approximately 
250  miles.  The  Ozark  province  is  separated  from  the  Gulf  Coastal 
Plain  by  an  escarpment  which  in  most  places  is  well  defined. 

The  Ozark  province  in  this  State  is  hilly  to  mountainous  and  lies 
400  to  2,100  feet  above  sea  level.  North  of  Arkansas  River  the  surface 
is  a  deeply  dissected  plateau,  500  to  1,500  feet  above  sea  level,  broken 
by  one  east- west  ridge  known  as  Boston  Mountain,  which  rises  to  a 
maximum  of  about  2,000  feet  above  sea  level.  The  part  of  the  prov- 
ince south  of  Arkansas  River  is  known  as  the  Ouachita  Mountains 
and  consists  of  a  series  of  ridges  trending  in  a  general  east-west 
direction  and  rising  500  to  2,100  feet  above  sea  level. 

The  Ozark  province  in  Arkansas  is  drained  chiefly  by  Spring, 
White,  Arkansas,  and  Ouachita  rivers,  all  of  which  flow  in  southeast- 
ward courses  to  or  beyond  its  border. 

The  province  is  underlain  by  Paleozoic  sedimentary  rocks  consisting 
of  limestones,  sandstones,  and  shales  belonging  to  the  Ordovician, 
Silurian,  Devonian,  and  Carboniferous  systems.  In  the  plateau 
^^gion  north  of  Arkansas  River  these  rocks  lie  nearly  horizontal ;  in 
the  region  of  Arkansas  River  valley,  between  Boston  Mountain  on 
the  north  and  the  Ouachita  Mountains  on  the  south,  the  strata  are 
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broadly  folded ;  in  the  Ouachita  Mountains  south  of  Arkansas  River 
the  rocks  are  strongly  folded  into  east- west  synclines  and  anticlines. 

In  Arkansas  the  Gulf  Coastal  Plain  ranges  in  elevation  from  100  to 
650  feet  above  sea  level,  and  is  divisible  topographically  into  a 
series  of  interstream  uplands  in  various  stages  of  dissection,  ranging 
in  elevation  from  200  to  650  feet  above  sea  level,  and  a  series  of 
nearly  level  to  gently  rolling  lowlands  lying  100  to  300  feet  above 
the  same  datum  plane.  A  slight  general  slope  southward  character- 
izes both  the  uplands  and  the  lowlands.  The  drainage  of  this  part 
of  the  Gulf  Coastal  Plain  reaches  the  Mississippi  through  numerous 
tributaries,  the  largest  of  which  are  St.  Francis,  White,  Arkansas, 
Ouachita,  and  Red  rivers. 

The  uplands  are  composed  mainly  of  imconsolidated  clays,  loams, 
marls,  sands,  and  gravels  of  Cretaceous  and  Tertiary  age.  The 
Cretaceous  deposits  outcrop  in  an  east- west  belt,  15  to  30  miles  wide, 
lying  south  of  the  Ozark  province  and  west  of  Ouachita  River,  both 
the  Lower  and  Upper  Cretaceous  series  being  represented.  Beds  of 
Cretaceous  age  also  lie  buried  beneath  Tertiary  strata  in  the  vicinity 
of  Little  Rock  and  northeast  of  Little  Rock  in  Lonoke  and  White 
counties,  and  Cretaceous  strata  come  to  the  surface  in  the  Grand- 
glaise  terrace  in  the  vicinity  of  Newark,  Independence  County. 

Except  in  the  areas  mentioned,  the  soils  in  the  Gulf  Coastal  Plain 
uplands  are  immediately  imderlain  by  strata  of  Tertiary  age  belong- 
ing to  the  Midway,  Wilcox,  Claiborne,  and  Jackson  formations  of 
the  Eocene,  and  the  Lafayette  formation  of  the  Pliocene  ( ? ) .  Locally 
the  Tertiary  strata  in  the  uplands  are  overlain  and  concealed  by  de- 
posits of  late  Pleistocene  age,  principally  consisting  of  loess,  sands, 
and  gravels.  The  loess  occurs  on  Crowleys  Ridge  in  the  northeastern 
part  of  the  State.  The  soils  in  the  lowlands  are  immediately  under- 
lain by  alluvial  deposits  which  consist  of  silts,  loams,  clays,  sands, 
and  gravels  of  Pleistocene  and  Recent  age,  which  rest  unconformably 
upon  Cretaceous  and  Tertiary  strata. 
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counties  of  Arkansas,  pp.  1-191,  10  pis.  (esp.  pp.  19-^1),  Little  Rock. 
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State  of  Arkansas :  pp.  193-256,  Little  Rock. 

1860. 

Owen,  David  Dale,  Second  report  of  a  geological  reconnaissance  of  the  middle 
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Francis  County"  (pp.  143-183),  accompanied  by  a  topographic  and 
geologic  map  of  a  part  of  the  county  on  a  scale  of  4  miles  to  the  inch, 
with  a  contour  Interval  of  10  feet.  Supplementary  to  the  report  are 
descriptions  of  geologic  sections  on  Arkansas  River  In  White,  Woodruff, 
Lonoke,  and  Prairie  counties,  and  at  Memphis,  Tenn. 

Call  recognizes  the  Tertiary  age  of  the  strata  composing  the  core  of 
Crowleys  Ridge,  but  he  does  not  differentiate  the  Wilcox,  Claiborne,  and 
Jackson  formations,  which  outcrop  in  succession  from  the  northern  to 
the  southern  end  of  the  ridge.  Although  he  recognizes  the  fact  tliat  the 
main  body  of  the  gravels  Is  younger  than  the  underlying  sands  and  clays, 
he  does  not  clearly  distinguish  between  the  Ek)cene  strata  and  the  over- 
lying Lafayette  formation.  The  loess  capping  the  ridge  he  correlates 
correctly  with  the  Pleistocene. 

Bbanneb,  J.  C.    In  the  preface  to  vol.  2  of  the  Arkansas  Geol.  Survey  Ann. 
Rept  for  1889,  pp.  xl-xvi. 

Branner  gives  a  brief  account  of  the  origin  of  Crowleys  Ridge  and 
describes  the  depression  which  brought  into  existence  the  conditioDS 
necessary  to  the  deposition  of  the  Tertiary  (Ek)cene)  deposits  of  tlie 
embayment  He  recognizes  that  at  a  later  time  the  Mississippi  River 
followed  a  course  west  of  Crowleys  Ridge  and  that  through  its  agency 
the  great  lowland  between  the  ridge  and  the  Ozark  province  was  eroded 
out  and  partially  refilled;  he  states  that  Ohio  River,  following  a  course 
southward  east  of  the  ridge,  was  accomplishing  similar  results  in  the 
area  now  known  as  the  Mississippi  lowland;  the  junction  of  the  two 
streams  was  somewhere  south  of  Helena.  Crowleys  Ridge  is  correctly 
Interpreted  to  be  an  erosion  remnant  which  s^mrates  these  two  great 
valleys. 
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S.AJLXSBT7BT,  R.  D.,  On  the  relationship  of  the  Pleistocene  to  the  pre-Pleistocene 
formations  of  Crowleys  Ridge  and  adjacent  areas  south  of  the  limit  of 
glaciation:  Arkansas  Geol.  Survey  Ann.  Kept,  for  1889,  vol.  2,  pp. 
224-24& 

This  paper  is  essentially  a  restatement  of  the  views  expressed  by  Cham- 
berlln  and  Salisbury  In  a  paper  to  which  reference  has  already  been 
made  (Am.  Jour.  Scl.,  3d  ser.,  vol.  41,  pp.  359-377). 

Kivowx«TON,  F.  H.,  Description  of  fossil  woods  and  lignites  from  Arkansas: 
Arkansas  Geol.  Survey  Ann.  Rept.  for  1889,  vol.  2,  pp.  249-267. 

The  author  describes  eight  specimens  of  lignite  from  the  Eocene  strata 
of  Crowleys  Ridge  and  describes  and  figures  fcur  species  of  sillcified  wood 
from  the  gravels  of  Crowleys  Ridge,  which  the  collector,  Mr.  Call,  believes 
to  have  been  originally  derived  mechanically  from  the  underlying  £kx;ene. 

l^xxxxA^ics,  J.  Fbancis,  The  Igneous  rocks  of  Arkansas :  Arkansas  Qeol.  Survey 
Ann.  Rept  for  1890,  vol.  2,  457  pp.,  maps,  and  plates. 

1894. 

RiLAivivKB,  J.  C,  Elevations  In  the  State  of  Arkansas:  Arkansas  Geol.  Survey 
Ann.  Rept  for  1892,  vol.  2,  pp.  77-114. 

FLa^bis,  Gilbebt  D.,  The  Tertiary  geology  of  southern  Arkansas :  Arkansas  Geol. 
Survey  Ann.  Rept  for  1892,  vol.  2,  esp.  pp.  10-15. 

Shows  the  existence  of  strata  of  Midway  Eocene  age  along  the  western 
border  of  the  Gulf  Coastal  Plain  In  White,  Lonoke,  and  Pulaski  counties. 
The  correlation  Is  based  on  the  evidence  afforded  by  Invertebrate  fossils. 
The  Midway  Is  underlain  In  the  same  counties  by  strata  of  Upper  Creta- 
ceous age,  correlated  on  the  evidence  of  Invertebrate  fossils  taken  from 
wells  and  Identified  by  T.  W.  Stanton,  of  the  U.  S.  Geological  Survey; 
the  Cretaceous  was  not  positively  identified  In  surface  outcrops  In  these 
counties. 

1897. 

Sbaiviveb,  J.  C,  The  former  extension  of  the  Appalachians  across  Mississippi, 
Louisiana,  and  Texas :  Am.  Jour.  Scl.,  4th  ser.,  vol.  4,  pp.  357-391. 

1902. 

Harris,  Gilbebt  D.,  The  geology  of  the  Mississippi  embayment  with  especial  ref- 
erence to  the  State  of  Louisiana :  Louisiana  Geol.  Survey,  pt  6,  pp.  1-39. 

r>ARTON,  N.  H.,  Preliminary  list  of  deep  borings  in  the  United  States :  U.  S.  Geol. 
Survey  Water-Supply  Paper  57,  p.  12. 

Bom>,  Frank,  and  Keeney,  Geo.  H.,  Irrigation  of  rice  In  the  United  States: 
U.  S.  Dept  Agriculture  Bull.  113,  pp.  1-77. 

Marbut,  C.  F.,  The  evolution  of  the  northern  part  of  the  lowlands  of  southeast- 
em  Missouri :  Missouri  Univ.  Studies,  vol.  1,  No.  3,  63  pp.,  3  pis. 

Describes  the  main  drainage  events  of  the  embayment  area  in  south- 
eastern Missouri  and  many  of  the  lesser  phenomena.  Marbut  states 
that  Mississippi  River  In  the  early  part  of  the  second  glacial  epoch  flowed 
from  Cape  Girardeau  southwestward,  west  of  Benton  Ridge  and  Crow- 
leys Ridge;  Ohio  River  flowed  southward,  east  of  these  ridges,  and 
joined  the  Mississippi  south  of  the  southern  extremity  of  Crowleys  Ridge 
in  Arkansas.  The  lowland  produced  by  the  erosion  of  Mississippi  River 
he  designated  the  Advance  lowland,  from  the  village  of  Advance,  situated 
upon  the  lowland  In  Stoddard  County,  Mo. 
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After  the  main  features  of  the  Advance  lowland  had  been  fashioned  by 
Mississippi  River  the  stream  was  captured  by  Ohio  River;  first,  at  the 
point  now  marked  by  the  gap  separating  the  northern  extremity  of  Crow- 
leys  Ridge  from  the  southern  extremity  of  Benton  Ridge;  and,  second, 
at  the  point  now  occupied  by  the  Mississippi  between  Grays  Point  and 
Commerce,  Scott  CJounty,  Mo.  The  lowland  produced  by  the  erosion  of 
Ohio  River  and  by  the  combined  erosion  of  the  Ohio  and  Mississippi,  after 
the  capture  of  the  latter  stream,  was  designated  by  Marbut  the  "  Cairo 
lowland,**  which  he  subdivided  into  the  Charleston  lowland,  Slkeston 
Ridge,  and  the  Morehouse  lowland. 

The  author  discusses  at  considerable  length  the  manner  in  which  these 
great  feats  were  accomplished,  and  also  the  details  of  many  minor  inci- 
dents connected  with  the  major  processes.  The  paper  is  accompanied  by 
a  topographic  map  on  a  scale  of  approximately  3  miles  to  the  inch  with 
a  20-foot  contour  Interval  (Plate  VI)  and  a  black  and  white  geologic  map 
on  the  same  base  (Plate  VII). 

1903. 

Laphaic,  J.  E.,  Soil  survey  of  the  Stuttgart  area,  Arkansas:  U.  S.  Dept.  Agr. 
Bur.  Soils  Field  Operations,  1003.  pp.  611-622. 

1904. 

Fuller,  M.  L.,  Rice  irrigation  in  southern  Louisiana :  U.  S.  Geol.  Survey  Water- 
Supply  Paper  101,  pp.  82-94. 

Purdue,  A.  H.,  Arkansas  (well  and  spring  records) :  U.  S.  Geol.  Survey  Water- 
Supply  Paper  102,  pp.  374-388. 

Shimek,  Bohumit^,  Papers  on  the  loess :  Iowa  State  Univ.  Lab.  Nat.  Hist.  BulL, 
vol.  5,  pp.  298-381. 

1905. 

Purdue,  A.  H.,  Northern  Arkansas    (water  resources) :  U.  S.  Oeol.   Survey 

Water-Supply  Paper  114,  pp.  188-197. 
Water   resources  of  the  contact   region  between  the   Paleozoic   and 

Mississippi  erabayment  deposits  In  northern  Arkansas :  U.  S.  GeoL  Surrey 

Water-Supply  Paper  145,  pp.  89-119. 
Describes  in  a  general  way  the  topography,  geology,  and  water  resources 

of  the  area;  but  few  detailed  sections  are  given.    A  black  and  white 

geologic  map  on  a  small  scale  (Plates  II  and  III)  accompanies  the  report. 

1906. 

Veatch,  a.  C,  Geology  and  underground  water  resources  of  northern  Louisiana 
and  southern  Arkansas:  U.  S.  Geol.  Survey  Prof.  Paper  46,  389  pp.,  51 
pis.,  33  figs. 

Glenn,  L.  C,  Underground  waters  of  Tennessee  and  Kentucky  west  of  Tennes- 
see River  and  of  an  adjacent  area  in  Illinois :  U.  S.  Geol.  Survey  Water- 
Supply  Paper  164,  173  pp.,  7  pis.,  13  figs. 

Crider,  a.  F.,  Geology  and  mineral  resources  of  Mississippi :  U.  S.  Geol.  Survey 
Bull.  283,  91  pp.,  14  pis.,  5  figs. 

1907. 

Carter,  William  T.,  Jr.;  Meeker,  F.  N. ;  Smith,  Howard  C;  and  Worthkn, 
E.  L.,  Soil  survey  of  Prairie  County,  Ark. :  U.  S.  Dept.  Agr.  Bur.  Soils 
Field  Operations,  1906,  pp.  1-36. 
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SmxPAMD,  Edw.  M.,  Underground  waters  of  Missouri :  U.  S.  Geol.  Survey  Water- 
Supply  Paper  195,  224  pp.,  6  pis.,  6  figs. 

1006. 

Bkaniveb,  J.  C,  The  clays  of  Arkansas:  U.  S.  Geol.  Survey  Bull.  351,  247  pp., 
1  pi.,  20  figs. 

Includes  a  general  account  of  the  topography  and  geology  of  the  State, 
a  geologic  map  on  a  small  scale  (Plate  I),  an  account  of  the  general 
stratigraphic  distribution  of  the  clays,  and  a  detailed  account  of  the 
distribution  of  the  clays  by  counties.  The  descriptions  of  the  counties  of 
the  northeastern  part  of  the  State  includes  for  each  county  a  brief  state- 
ment of  the  physiography  and  geology,  and  in  many  cases  well  logs  and 
detailed  descriptions  of  localities. 

1911. 

AsHUST,  George  H.,  Recent  drilling  for  oil  and  gas  at  Memphis:  Preliminary 
report  upon  the  oil  and  gas  development  in  Tennessee:  Tennessee  State 
Geol.  Survey  Bull.  2,  extract  (e)  Appendix  A,  pp.  40-46. 

1912. 

Fui-iJCB,  Bl.  L.,  The  New  Madrid  earthquake :  U.  S.  Geol.  Survey  Bull.  494,  110 
pp.,  10  pis.,  18  figs. 

Includes  a  compilation  of  the  known  facts  regarding  the  phenomena 
accompanying  and  resulting  from  the  earthquake,  gathered  from  many 
sources,  and  the  results  of  several  season's  work  by  the  author  in  the 
area.  From  the  available  data  he  makes  deductions  regarding  the  origin 
and  cause  of  the  earth  movement,  and  concludes  that  the  ultimate  cause 
was  a  disturbance  in  the  consolidated  basement  rocks  underlying  the 
deposits  of  the  Gulf  Coastal  Plain.  A  map  which  shows  the  distribution 
of  the  various  recognizable  effects  of  the  earthquake,  such  as  sunk  lands, 
areas  of  Assuring,  areas  of  sand  blows,  and  areas  of  landslides,  accom- 
panies the  paper. 
MuNN,  M.  J.,  Exploration  for  natural  gas  and  oil  at  Memphis,  Tenn.:  The 
resources  of  Tennessee,  vol.  2,  No.  2,  pp.  48-68,  Tennessee  Geol.  Survey. 
Vauohan,  T.  W.,  [Ek)cene  and  Ollgocene  ofl  south  Atlantic  and  eastern  Gulf 
Coastal  Plain  and  north  end  of  Mississippi  embayment :  U.  S.  Geol.  Sur- 
vey Prof.  Paper  71,  pp.  731-745. 

[Miocene,  Pliocene,  and  Pleistocene  of]  south  Atlantic  and  eastern 
Gulf  Coastal  Plain  and  north  end  of  Mississippi  embayment:  Idem,  pp. 
806-8ia 

[Eocene  and  Ollgocene  of]  Texas,  Louisiana,  and  Arkansas:  Idem,  pp. 
72a-728. 

[Miocene,  Pliocene,  and  Pleistocene  of]  Texas,  Louisiana,  and  Arkan- 
sas :  Idem,  pp.  804-806. 

1913. 

Shimek,  Bohumil,  The  significance  of  Pleistocene  mollusks:  Science,  new  ser., 
vol.  37,  pp.  501-509. 

1914. 

Miser,  H.  D.,  New  areas  of  diamond-bearing  perldotlte  in  Arkansas :  U.  S.  Geol. 
Survey  Bull.  540,  pp.  534-546. 

Discusses  the  age  of  the  igneous  rocks  of  southwest  Arkansas,  which 
he  shows  were  intruded  during  the  period  represented  by  the  u neon- 
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formlty  separating  the  Trinity  formation  (Lower  Cretaceous)  and  the 
Bingen  sand  (Upper  Cretaceous). 

1915. 

Bebby,  E.  W.,  Erosion  intervals  in  the  Eocene  of  the  Mississippi  embayment: 
U.  S.  GeoL  Survey  Prof.  Paper  95,  pp.  73-82  (Prof.  Paper  95-P). 

The  Mississippi  River  bluffs  at  Columbus  and  Hickman,  Ky.,  and  their 

fossil  flora :  U.  S.  Nat.  Mus.  Proc.,  vol.  48,  pp.  293-303,  pis.  12,  13. 

PHYSIOGRAPHY. 

CLASSIFICATION  OF  FEATUBES. 

The  area  covered  in  this  report  is  included  within  the  broad  north- 
ward-extending arm  of  the  Gulf  Coastal  Plain  known  as  the  Mis- 
sissippi embayment  and  embraces  approximately  13,250  square  miles, 
extending  from  Mississippi  River  westward  to  the  border  of  the 
Ozark  province  and  from  the  Missouri  State  boundary  southward  to 
Arkansas  River.  The  embayment  may  be  subdivided  into  uplimds 
and  lowlands. 

Probably  more  than  nine-tenths  of  the  area  treated  in  this  report 
presents  a  lowland  type  of  topography  and  is  embraced  within  the 
two  physiographic  divisions  of  the  Mississippi  embayment  designated 
the  Advance  lowland  and  the  Mississippi  lowland. 

The  Ozark  province,  a  rugged,  hilly  area  Ijdng  400  to  1,500  feet 
above  sea  level,  borders  the  Gulf  Coastal  Plain  on  the  northwest 
This  higher  land  is  separated  from  the  Coastal  Plain  by  an  escarp- 
ment, which  at  most  places  is  sharply  defined. 

COASTAL  PLAIN  UPLANDS. 

Southwest  of  Arkansas  River. — Between  Arkansas  and  Ouachita 
rivers  is  an  extensive,  partly  dissected  upland,  the  elevation  of  which 
is  200  to  500  feet  above  sea  level.  This  upland  is  terminated  on  the 
northeast  by  a  more  or  less  clearly  defined  escarpment,  which  over- 
looks the  Advance  lowland  and  marks  its  southwest  boundary.  The 
difference  in  elevation  between  the  upland  and  the  Advance  lowland 
is  150  to  250  feet. 

Crowleys  Ridge. — Crowleys  Ridge  is  a  belt  of  upland  which,  with 
certain  important  interruptions,  extends  from  Stoddard  County. 
Mo.,  where  the  maximum  width  is  18  miles,  southwestward  through 
Clay  County,  Ark.,  to  Craighead  County,  Ark.,  and  thence  southward 
to  Helena,  Phillips  County.  In  Phillips  Coimty  the  crest  of  the 
ridge  is  about  400  feet  above  sea  level ;  the  elevation  gradually  in- 
creases northward  to  500  feet  above  sea  level  in  Clay  County,  and  to 
a  maximiun  of  600  feet  in  Stoddard  County,  Mo.    The  elevation  of 
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the  crest  above  the  lowlands  to  the  east  and  west  ranges  from  100 
to  260  feet,  the  greatest  difference  being  in  Stoddard  County,  Mo. 

In  Arkansas  the  ridge  varies  in  width  from  one-half  mile  to  12 
miles;  the  broadest  part  of  the  belt  is  in  Craighead  and  Greene 
counties,  where  the  width  is  8  to  12  miles,  and  the  narrowest  part  is 
near  Dee,  in  Craighead  County,  where  there  is  a  low  gap,  through 
which  the  Helena  branch  of  the  St.  Louis,  Iron  Mountain  &  Southern 
Railway  passes.  The  ridge  has  been  completely  cut  at  three  places; 
one  gap,  in  Stoddard  County,  Mo.,  is  occupied  by  Castor  River; 
another,  on  the  border  between  Clay  County,  Ark.,  and  New  Madrid 
County,  Mo.,  serves  as  the  passageway  of  St  Francis  River  from 
the  Advance  lowland  to  the  Mississippi  lowland;  the  third,  in  Lee 
County,  Ark,  is  several  miles  wide  and  is  occupied  by  L'Anguille 
River. 

The  surface  of  the  ridge  is  dissected  by  numerous  small  perennial 
and  intermittent  streams,  most  of  which  flow  either  to  the  east  or  to 
the  west  at  right  angles  to  the  trend  of  the  ridge;  at  many  places 
the  topography  is  rugged,  but  elsewhere  erosion  has  passed  beyond 
the  stage  of  maturity,  and  the  hills  present  smoothly  rounded,  gentle 
slopes.  Several  of  the  larger  streams  flow  through  relatively  broad, 
shallow  valleys. 

The  ridge  is  sharply  separated  from  the  adjoining  lowlands  by 
escarpments  of  varying  degrees  of  steepness.  At  many  places  in 
Cross,  St.  Francis,  Lee,  and  Phillips  counties  the  east-facing  slope 
is  an  abrupt  bluff;  in  Craighead,  Greene,  and  Clay  counties  the  west- 
facing  slope  is  relatively  steep.  The  broader  valleys  and  the  more 
gently  rounded  hills  have  been  cleared  for  cultivation,  but  the  greater 
part  of  the  area  is  covered  with  timber. 

Benton  Ridge  {in  Missouri). — ^Benton  Ridge,  in  Scott  Coimty,  is 
a  northeastward  extension  of  Crowleys  Ridge,  but  is  separated  from 
it  by  a  gap  10  miles  wide ;  Benton  Ridge  terminates  near  Commerce 
just  west  of  Mississippi  River. 

Grandglaise  terrace. — Bordering  the  Ozark  province  and  extend- 
ing with  certain  interruptions  from  the  northeastern  part  of  White 
County  through  Independence  County  to  the  southern  part  of 
liawrence  County,  is  a  narrow,  more  or  less  clearly  defined  bench, 
here  designated  the  Grandglaise  terrace,  which  lies  250  to  325  or  350 
feet  above  sea  level,  and  from  40  to  100  or  125  feet  above  the  Advance 
lowland  on  the  east.  This  terrace  has  been  dissected  by  numerous 
streams  crossing  it  from  the  Ozark  province  to  the  Advance  lowland, 
chief  of  which  is  White  River,  and  in  places,  particularly  in  Jackson 
County,  small  streams  running  parallel  with  the  terrace  along  its 
western  margin  partly  separate  it  from  the  Ozark  hills  to  the  west, 
leaving  the  terrace  represented  only  by  a  ridge. 
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The  term  "  Grandglaise  area "  was  first  used  by  Purdue  *  for  the 
portion  of  the  terrace  between  "  Coffeyville  and  Bradford,''  in  Lonoke 
and  White  counties.  Since  the  terrace  north  of  White  River  in  In- 
dependence and  Lawrence  counties  is  the  northward  continuation 
of  the  terrace  at  Grandglaise,  it  is  appropriate  to  extend  the  applica- 
tion of  the  term  to  that  area. 

Chinquapin  Ridge. — ^An  elevated  tract  in  Lonoke  County  extend- 
ing from  the  border  of  the  Ozark  province  in  the  vicinity  of  Austin 
and  Cabot  to  the  eastward  and  southward  for  several  miles  has  been 
locally  termed  Chinquapin  Ridge;  Purdue'  called  it  the  ^^ sandhill ^ 
area.  The  exact  limits  of  this  tract  have  not  been  determined,  but  its 
north-south  extent  is  believed  to  be  about  12  miles,  and  its  east-west 
extent  is  approximately  6  miles.  The  area  presents  a  series  of  rolling 
hills  rising  to  a  maximum  of  375  or  400  feet  above  sea  level,  and  12^ 
to  150  feet  above  the  level  of  the  adjoining  Advance  lowland.  The 
soils  consist  mainly  of  reddish,  ferruginous  sands  derived  from  sandy 
strata  probably  of  Eocene  age  which  compose  the  body  of  the  hills. 
The  southwestern  end  of  the  ridge  is  expressed  on  the  Little  Rock 
topographic  map  by  the  300-foot  contour,  which  appears  on  the  map 
east  and  north  of  Bayou  Two  Prairie  and  south  of  Cabot  A  small 
elevated  tract  west  of  Bayou  Two  Prairie,  in  the  vicinity  of  Jack- 
sonville, expressed  on  the  Little  Rock  map  by  the  300-foot  contour, 
may  be  considered  an  isolated  renmant  of  this  ridge,  as  may  also  a 
similar  small  elevated  tract  north  of  Cypress  Bayou  and  southwest  of 
Beebe^  in  the  southern  part  of  White  County. 

Jones  Ridge. — ^In  addition  to  the  uplands  already  described,  there 
is  one  minor  elevation  in  Arkansas,  known  as  Jones  Ridge,  which 
deserves  brief  mention.  This  ridge  is  in  the  northeastern  part  of 
Greene  County,  between  Cache  River  and  the  St.  Louis,  Iron  Moun- 
tain &  Southern  Railway,  where  the  nearly  level  surface  of  the 
lowland  is  broken  by  a  northeast-southwest  swell,  3  or  4  miles  long, 
one-quarter  to  one-half  mile  wide,  and  30  to  40  feet  high.  The 
probable  age  and  relations  of  the  ridge  are  discussed  on  page  111. 

Chickdsaw  Bluffs  {in  Kentucky^  Tennessee^  and  Mississippi)'— 
The  Mississippi  lowland  is  bordered  on  the  east  in  Kentucky,  Ten- 
nessee, and  Mississippi  by  an  area  lying  about  400  feet  above  sea 
level  or  100  to  150  feet  above  the  level  of  the  lowland.  This  higher 
land  is  separated  from  the  lowland  to  the  west  by  a  line  of  bluffs, 
known  as  Chickasaw  Bluffs,  which  extends  from  northeast  to  south- 
west, approximately  parallel  to  the  general  course  of  the  Mississippi 
River;  north  of  Memphis  the  bluffs  are  nowhere  more  than  15  miles 

^  Water  resoarces  of  the  contact  region  between  the  Paleozoic  and  Mississippi  Embar* 
ment  deposits  in  nortliern  Arlumsas :  U.  8.  Oeol.  Surrey  Water-Supply  Paper  145,  p.  ^^ 
1905. 

*  Idem,  p.  03. 
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from  the  Mississippi  River,  but  south  of  Memphis  they  form  the 
eastern  boundary  of  Yazoo  bottom,  which  lies  east  of  the  river  and 
has  a  maximum  width  of  65  miles. 

COASTAL  PLAIN  LOWLANDS. 
ADVANCE  LOWLAND. 

The  name  "Advance  lowland  "  is  derived  from  the  village  of  Ad- 
vance, in  the  northern  part  of  Stoddard  County,  Mo.,  and  was  first 
used  by  Marbut^  in  1902  for  a  belt  of  lowland  extending  from  the 
Mississippi  River  at  Cape  Girardeau,  Mo.,  southwestward  to  Mingo, 
in  the  western  part  of  Stoddard  County,  and  thence  southward  into 
Arkansas. 

From  Cape  Girardeau  to  Mingo  the  Advance  lowland  is  2^  to  6* 
miles  wide;  southward  from  Mingo  it  broadens  out,  and  from  the 
Arkansas  State  line  to  the  latitude  of  Jonesboro,  in  Craighead 
County,  is  25  to  30  miles  wide ;  from  Craighead  Coimty  southward  it 
broadens,  reaching  a  maximum  of  about  90  miles  in  the  latitude  of 
Little  Kock,  which  width  it  maintains  approximately  to  its  junction 
with  the  Mississippi  lowland. 

The  Advance  lowland  is  limited  on  the  east  by  Crowleys  Ridge, 
on  the  northwest  by  the  Ozark  province,  on  the  southwest  by  the 
upland  south  of  the  Arkansas  River,  and  on  the  southeast  by  the 
Mississippi  lowland.  The  Advance  lowland  merges  into  the  Missis- 
sippi lowland  along  a  line  which  runs  from  Helena  in  an  approxi- 
mate southwestward  direction  to  the  southern  part  of  Arkansas 
County. 

The  surface  of  the  Advance  lowland  is,  in  general,  a  nearly  level 
or  gently  rolling  plain,  which  stands  about  342  feet,  above  sea  level 
at  Cape  Girardeau,  Mo.,  whence  it  slopes  gradually  southwestward 
and  southward  at  an  average  rate  of  about  two- thirds  of  a  foot  a 
mile  to  about  150  feet  above  sea  level  at  its  southern  extremity  in 
Arkansas. 

Although  now  crossed  by  numerous  streams  the  main  topographic 
features  of  the  Advance  lowland  are  obviously  the  product  of  one 
great  agent ;  Marbut  ^  has  shown  that  the  lowland  in  Missouri  is  an 
abandoned  valley  of  Mississippi  River,  and  the  conclusion  seems  jus- 
tified that  this  great  stream  once  meandered  in  the  area  included  in 
this  division  in  Arkansas. 

At  the  present  time  the  Advance  lowland  in  Arkansas  is  drained 
chiefly  by  Arkansas,  White,  and  L'Anguille  rivers  and  their  tribu- 

^Marbat,  C.  F.,  The  evolution  of  the  northern  part  of  the  lowlands  of  southeastern 
Mlssonrl:  Missouri  Univ.  Studies,  vol.  1,  No.  3,  63  pp.   (esp.  p.  4>,  7  pis.,  1002. 
•  Idem,  pp.  47-^3. 
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taries.  Arkansas  River  enters  the  lowland  at  Little  Bock,  flows  soutli- 
eastward,  and  joins  Mississippi  River  in  Desha  County ;  its  principal 
tributary  is  Bayou  Meto,  and  there  is  a  network  of  bayous  in  Ar- 
kansas, Jefferson,  Lonoke,  and  Pulaski  counties. 

White  Biver  enters  the  lowland  at  Batesville,  Independence 
County,  flows  in  a  general  southward  course,  and  enters  Mississippi 
Biver  by  means  of  a  network  of  distributaries  through  a  part  of  which 
the  waters  of  Arkansas  Biver  also  flow.  The  principal  western  trib- 
utaries of  White  Biver,  from  north  to  south,  are  Little  Bed  River, 
Bayou  Des  Arc,  Wattensas  Bayou,  and  Big  Lagrue  Bayou.  Black 
Biver  enters  Arkansas  in  Clay  County,  flows  south  westward  near  the 
western  border  of  the  lowland,  and  joins  White  Biver  near  Newport, 
Jackson  County.  Cache  Biver  rises  in  the  northern  part  of  Clay 
*County,  flows  south  westward  near  the  center  of  the  lowland,  and  joins 
White  Biver  near  Clarendon.  Bayou  De  Vue,  a  tributary  of  Cache 
Biver,  parallels  the  latter  stream  about  8  or  10  miles  to  the  eastward, 
from  Craighead  County  southwestward  to  Monroe  County.  Big 
Creek  flows  from  the  western  part  of  St.  Francis  Coimty  southward 
to  the  western  part  of  Phillips  County,  where  it  joins  White  Biver. 

The  only  other  important  stream  in  the  area  is  L'Anguille  Biver, 
which  rises  in  the  northern  part  of  Poinsett  County,  flows  southward 
a  short  distance  west  of  Crowleys  Bidge,  turns  southeastward,  and 
leaves  the  Advance  lowland  through  a  gap  at  Crowleys  Bidge  in  Lee 
County. 

The  streams  of  the  Advance  lowland  flow  through  broad,  shallow 
valleys  which  are  a  few  feet  to  a  maximum  of  35  or  40  feet  below  the 
level  of  the  interstream  areas.  All  the  larger  streams  flow  in  courses 
approximately  parallel  to  the  linear  direction  of  the  main  lowland, 
but  in  detail  th^  channels  are  sinuous  and  the  currents  are  sluggish. 

The  bottom  lands  are  characterized  by  numerous  swamps,  bayous, 
lakes,  and  abandoned  stream  channels,  which  at  many  places  are 
separated  by  low  ridges  rising  only  a  few  feet  above  the  level  of  the 
depressions.  The  flood  plain  soils  are  fertile  and  support  a  vigorous 
growth  of  timber ;  where  well  situated  as  regards  drainage  they  can 
be  made  to  yield  large  crops  of  cotton,  com,  and  other  products. 
Many  of  the  low  ridges  are  cultivated. 

Between  the  flood  plains  of  the  streams  are  gently  undulating 
plains,  underlain  except  at  certain  places  by  silty  loams  and  clays. 
The  soils  vary  from  dark,  fertile,  sandy  or  nonsandy  loams,  to  light- 
gray,  silty  loams  and  clays  which  are  not  well  suited  to  many  of  the 
common  crops;  in  most  places  the  soils  rest  on  compact  clay  subsoils 
which  are  almost  impervious  to  water.  At  many  places  the  clay  soils 
are  ferruginous  and  are  filled  with  numerous  small  concretions  of  iron 
oxide ;  soils  of  this  character  are  locally  termed  "  buckshot  lands.'' 
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A,     PRAIRIE  PHASE  OF   THE    ADVANCE    LOWLAND,  A   QUARTER   OF  A   MILE   NORTHEAST  OF 
OBEAR,  CRAIGHEAD  COUNTY. 


B.     LOW  CIRCULAR  MOUND  AT  BALD  KNOB. 

A  typical  •xample  of  the  small  mounds  common  In  certain  parts  of  the  Coastal  Plain  of  Arkansas,  Louisiana,  and 

eastern  Texas. 
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A  considerable  part  of  the  interstream  areas  consists  of  irregularly 
distributed  small  and  large  tracts  of  gently  undulating  grass-covered 
prairie  lands.  Grand  Prairie  is  an  irregular  but  nearly  continuous 
tract  of  prairie,  extending  from  northwest  of  Lonoke,  in  Lonoke 
County,  southeastward  through  Prairie  County  nearly  to  the  south- 
ern extremity  of  Arkansas  County.  The  prairie  is  broken  by  numer- 
ous slightly  depressed  patches  and  strips  of  timbered  land,  and  by 
the  shallow  valleys  of  numerous  small  creeks  and  bayous,  Prairie 
Longue  is  a  similar  but  smaller  tract  in  Lonoke  County  south  of 
Bayou  Two  Prairie.  Numerous  patches  of  prairie  land  lie  between 
Bayou  De  Vue  and  L'Anguille  River  in  Lee,  Monroe,  St.  Francis, 
Woodruff,  Cross,  Poinsett,  and  Craighead  counties.  (See  PL  I,  A.) 
The  prairie  soils  are  best  suited  to  grazing,  the  raising  of  hay,  and 
rice  culture. 

Surrounding  and  separating  or  partly  separating  the  patches  and 
tracts  of  prairie  lands  are  slightly  depressed  lands  supporting  a 
growth  of  such  trees  as  post  and  other  small  varieties  of  oak,  sassa- 
fras, persimmon,  and  sumac. 

In  places  gently  undulating  areas,  with  soils  that  appear  to  be 
essentially  like  the  prairie  soils,  are  timber  covered  except  where 
artificially  cleared.  Tracts  of  this  kind  are  found  in  many  of  the 
counties,  but  particularly  in  those  lying  directly  east  of  the  border 
of  the  Ozark  province. 

West  of  and  bordering  Crowleys  Ridge  is  a  belt  of  heavily  tim- 
bered land,  the  soils  of  which  are  more  fertile  than  most  of  the  soils 
of  the  interstream  areas  elsewhere  in  the  Advance  lowland;  this  belt 
owes  its  fertility  to  wash  materials  from  Crowleys  Ridge. 

At  many  places  in  the  Advance  lowland,  but  particularly  in  Clay, 
Randolph,  and  Lawrence  counties  in  the  north,  and  in  the  counties 
bordering  the  Ozark  province,  there  are  tracts  of  rolling  timbered 
land  composed  of  numerous  low  ridges  of  sand  or  sandy  loam,  which 
in  general  trend  parallel  to  the  stream  courses.  Some  of  these  ridges 
appear  to  be  a  part  of  the  alluvial  deposits  of  the  present  streams, 
but  many  of  them  rise  above  extreme  high-water  level,  are  probably 
of  Pleistocene  age,  and  may  properly  be  classed  as  interstream  lands. 

In  Monroe  and  Phillips  counties,  west  of  the  southern  extremity  of 
Crowleys  Ridge,  is  a  ridge  10  to  30  feet  high  and  2  to  3  miles  wide, 
known  as  Hickory  Ridge,  which  extends  from  near  Blackston,  in  the 
former  county,  southeastward  to  several  miles  beyond  Marvell  in  the 
latter  county.  There  are  several  similar  ridges  between  Hickory 
Ridge  and  the  southern  nose  of  Crowleys  Ridge.  Along  the  western 
side  of  Crowleys  Ridge,  in  Phillips  County,  is  a  well-defined  terrace, 
1  to  3  miles  wide  and  30  or  40  feet  higher  than  the  bottom  lands  of 
Caney  Creek,  which  lies  immediately  to  the  west;  the  terrace  is 


Digitized  by  VjOOQIC 


28       GEOLOGY  A^n)  GBOrjrD  WATEBSy  XOBTHEASTEBK   ABKAKSA8. 

sepanted  from  the  ridge  on  the  east  mnd  the  bottcnn  lands  on  tl 
west  br  abrupt  escarpments,  and  probably  c(HTeq>onds  in  elevatio 
to  the  ridges  just  described.  The  series  of  ridges  and  the  terrace  ht! 
probably  been  produced  by  erodon  where  the  streams  of  the  Advan< 
lowland  pass  down  to  the  Mississippi  lowland^  which  lies  30  or  i 
feet  lowor. 

MISSISSIPn  LOWLAin>. 

The  Mississippi  lowland  in  Aiicansas  includes  all  the  area  east  c 
Crowleys  Ridge  and  a  belt  5  to  20  miles  wide  bordering  Mlssissip] 
Rirer  on  the  west  south  of  the  southern  extremity  of  Crowk; 
Ridge.  In  Missouri  this  lowland  includes  the  area  southeast  an] 
south  of  Crowleys  Ridge  and  south  of  Benton  Ridge.  The 
boundary  of  the  lowland  in  Kentucky,  Tennessee^  and  Mississippi 
the  Chickasaw  Bluffs. 

The  Mississippi  lowland  is  a  gently  undulating  plain,   slopi 
southward  at  a  rate  of  about  three-fourths  of  a  foot  per  mile 
an  elevation  of  about  S40  feet  above  sea  level  at  the  northern 
of  the  Mississippi  embayment  region  near  Commerce,  Scott  Coimtj 
Mo.^  to  about  lOo  feet  at  the  southern  boundary  of  Arkansas. 

Misssissippi  River,  which  forms  the  eastern  boundary  of  the  SUi 
eventually  receives  all  the  drainage  of  the  Mississippi  lowland.  I^ 
Arkansas  and  Missouri  the  surface  immediately  west  of  Mississippi 
River  in  any  given  cross  section  of  the  valley  is  the  highest  part  o 
the  lowland,  and  there  is  a  slight  gentle  slope  to  the  west.  As  ^ 
result  of  this  condition  the  surface  waters  flow  westward,  eventuall]^ 
reaching  the  Mississippi  through  several  tributaries  that  parallel 
the  main  stream  for  long  distances. 

St.  Francis  River  enters  the  lowland  at  the  northeastern  comer  oi 
Clay  County  and  flows  in  a  general  southerly  course  near  the  western 
bonier  of  the  lowland  to  a  point  S  or  10  miles  north  of  the  southern 
extremity  of  Crowleys  Ridge,  near  Helena,  where  it  joins  Mississippi 
River.  Little  River,  which  enters  the  lowland  between  Benton  Ridge 
and  the  northern  extremity  of  Crowleys^Ridge  in  Missouri,  flows 
southwanl  and  joins  St.  Francis  River  in  Poinsett  County,  Ark. 

Much  of  the  lowland  in  Missouri  and  Arkansas  presents  a  network 
of  lakes^  bayous,  and  abandoned  stream  channels,  separated  by  areas 
of  swamp  land  and  by  low  ridges  of  sand  and  sandy  loam.  Nearly 
all  these  InxHes  of  water  are  connected  with  the  drainage  systems  of 
I^ittle  and  St.  Francis  rivers.  Much  of  the  area  is  subject  to  over- 
flow f  n^m  Missi^ppi  and  St  Francis  rivers. 

A  large  area  in  the  western  part  of  the  lowland,  embracing  parts 
of  New  Madrid,  Dunklin,  and  Pemiscot  counties.  Mo.,  and  Clay, 
Hreene,  Craighead,  Poinsett,  and  Missisi^ippi  counties,  Ark.,  is  known 
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as  the  St.  Francis  Sunk  Lands.  However,  recent  investigations  of 
tfie  Land  Office  and  the  United  States  Geological  Survey  have  shown 
either  the  much  smaller  size  or  the  nonexistence  of  many  of  the  large 
lakes  shown  on  the  maps.  The  bearing  of  these  facts,  which  were 
received  too  late  for  incorporation  in  the  maps  accompanying  this 
Teport,  on  the  claim  that  large  tracts  in  this  area  sank  during  the 
time  of  the  New  Madrid  earthquake,  in  1811  and  1812,^  has  not  been 
determined. 

The  depressions  of  the  lowland  are  everywhere  separated  by  low, 
rolling  ridges,  most  of  which  are  of  relatively  small  extent  and  rise 
only  a  few  feet  above  the  level  of  the  depressed  areas.  Two  such 
areas,  however,  are  of  sufficient  extent  to  deserve  mention.  Sikeston 
Eidge,  or  Big  Prairie,  is  an  elevated  tract  rising  about  20  feet  above 
the  surrounding  lowland,  2  to  4  miles  wide,  and  extending  from 
south  of  Lake  St.  John,  Scott  County,  Mo.,  southward  to  New 
Madrid,  in  New  Madrid  County. 

Another  low  ridge,  resembling  Sikeston  Ridge,  extends,  with  sev- 
eral interruptions,  from  the  southern  part  of  Stoddard  County,  Mo., 
I  a  little  west  of  south  in  a  slightly  sinuous  course  through  Dunklin 
County,  Mo.,  into  the  northern  part  of  Mississippi  County,  Ark.; 
from  north  to  south  the  different  parts  of  this  ridge  are  known, 
respectively,  as  Rosebriar  Prairie,  West  Prairie,  Grand  Prairie,  and 
Big  Lake  Highlands. 

A  belt  of  land,  nowhere  more  than  5  or  6  miles  wide,  which  borders 
Crowleys  Ridge  on  the  east  from  Clay  County  southward  to  the 
southern  part  of  Craighead  County,  is  a  few  feet  higher  than  the 
main  lowland  to  the  east,  and  is  underlain  by  "  buckshot "  clay  soil 
similar  to  some  of  the  prairie  soils  west  of  Crowleys  Ridge,  and  may 
be  of  the  same  age  (Pleistocene).  This  area  is  partly  covered  with 
materials  washed  from  Crowleys  Ridge. 

Throughout  the  greater  part  of  the  Mississippi  lowland  the  sur- 
face is  underlain  by  dark,  fertile  loams,  sandy  loams,  and  sands, 
which  support  a  vigorous  growth  of  timber. 

In  a  large  area,  including  parts  of  New  Madrid,  Dunklin,  and 
Pemiscot  counties,  Mo.,  and  Clay,  Greene,  Craighead,  Poinsett,  and 
iGssissippi  coimties.  Ark.,  the  ridges  of  sandy  loam  separating  the 
depressions  are  dotted  with  so-called  sand  blows,  which  are  low  cir- 
cular or  irregular  patches  of  clean  white  sand  believed  to  have  been 
extruded  from  underground  sources  during  the  time  of  the  New  Mad- 
rid earthquake  in  1811  and  1812.^  The  sand  blows  contain  but  little 
vegetable  mold  and  are  poorly  productive. 

^PnUer,  M.    L.,  The  New  Madrid  earthquake:  U.  S,  GeoL  Survey  BuU.  494,  pp.  64-75, 
1912. 
'Idem,  pp.  70-83. 
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\ 
SMALL  MOUNDS. 

Low  circular  mounds,  20  to  100  feet  in  diameter  and  1  to  4 
high  (see  PI.  I,  5),  constitute  a  curious  but  minor  topographia 
ture  in  certain  parts  of  Arkansas  and  in  places  are  numerous.  I  \ 
lar  mounds  of  like  origin  in  adjoining  States  have  been  describn 
Veatch.^ 

The  writers  have  observed  these  moimds  in  Pulaski,  Jeff< 
Lonoke,  White,  Jackson,  Independence,  Lawrence,  and  Clay  com 
The  materials  composing  some  of  the  mounds  are  slightly  co 
and  lighter  in  color  than  the  surrounding  soils,  but  others  apj>ei 
be  essentially  like  these  soils  in  structure,  composition,  and   d 
The  mounds  arfe  not  restricted  to  any  particular  type  of  topogri 
except  that  they  were  not  observed  on  the  flood  plains  of  the  pii 
streams.    They  occur  on  the  interstream  areas  of  the  Advance 
land,  on  the  Coastal  Plain  uplands  along  the  western  border  o: 
embayment,  and  on  the  slopes  of  the  Paleozoic  hills  bordering 
Coastal  Plain. 

No  theory  thus  far  proposed  seems  satisfactorily  to  explain 
origin  of  the  mounds.  Veatch  discussed  the  several  hypotheses 
have  been  advanced  to  account  for  them  (pp.  5&-59  of  the  re 
cited)  and  regarded  the  spring  and  gas- vent  theories,  the 
theory,  and  the  ant-hill  theory  as  most  deserving  consideration, 
occurrence  of  the  mounds  in  various  topographic  positions  an< 
geologic  formations  of  all  ages  from  Cretaceous  to  Pleistocene  w( 
seem  to  render  the  spring  and  gas- vent  theories  untenable. 

Their  uniformly  circular  shape  is  believed  to  preclude  the 
sibility  of  their  having  been  formed  by  wind.  The  same  objec 
seems  to  apply  to  the  theory  of  their  formation  by  ants  or  burroi 
animals;  besides,  no  such  mounds  are  known  to  be  in  process  of 
mation  at  the  present  time,  and  if  formed  by  either  of  these  agen 
the  species  responsible  for  their  construction,  whether  insect 
rodent,  has  either  migrated  from  the  region  or  become  extinct, 
theory  that  they  are  of  human  origin  is  one  that  appeals  strongl; 
the  imagination,  chiefly  because  of  the  remarkable  symmetry  of 
mounds  and  their  distribution.  Their  vast  numbers  in  certain  ar 
however,  would  seem  to  preclude  the  possibility  of  their  having  h 
formed  by  man.  For  instance,  along  the  line  of  the  Texas  &  Pa( 
Railway  between  Texarkana  and  Annona,  Tex.,  a  distance  of  u 
than  50  miles,  the  mounds  occur  in  astonishing  nimibers.  Many  fi( 
are  almost  completely  covered  with  them,  the  outer  edges  of  man; 

*  Veatch,  A.  C,  Geolopy  and  underground  water  resources  of  northern  LoQi8lana| 
southern  Arkansas :  U.  S.  Geol.  Survey  Prof.  Paper  46,  pp.  65-69,  1906. 
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the  mounds  even  being  in  contact  with  one  another.  In  order  to  ac- 
count for  their  construction  by  human  beings  it  would  seem  necessary 
to  postulate  a  prehistoric  race  numbering  many  millions. 

GEOLOGY. 

GENERAL  COMPOSITIOK  AND  STBUCTTTBE  OF  THE  AJtEA. 

The  Mississippi  embayment  is  a  broad  arm  of  the  Gulf  Coastal 
Plain  extending  about  250  miles  up  the  valley  of  Mississippi  River 
to  the  southern  extremity  of  Illinois.  The  area  is  surrounded  on  the 
west,  north,  and  east  by  a  territory  in  which  are  consolidated  sedi- 
mentary rocks  of  Paleozoic  age.  Structurally  the  embayment  is  a 
dovsrn- warped  trough  of  Paleozoic  rocks  filled  to  the  level  of  the  pres- 
ent surface  with  deposits,  mostly  unconsolidated,  ranging  in  age 
from  Cretaceous  to  Recent  The  axis  of  the  trough  trends  slightly 
west  of  south  and  the  maximum  depth,  though  not  determined, 
probably  exceeds  3,000  feet ;  the  depth  at  Memphis  has  been  shown 
by  well  borings  to  be  more  than  2,500  feet. 

The  areal  distribution  of  the  geologic  formations  which  outcrop 
within  the  area  treated  in  this  report  is  indicated  on  the  geologic 
map,  Plate  II.  An  idea  of  the  structure  of  the  Mississippi  embay- 
ment may  be  had  by  referring  to  the  geologic  sections  given  in  Plates 
III  and  IV.  A-B-C-D  (PL  III)  is  a  section  along  the  linear  direc- 
tion of  Crowleys  Ridge  from  the  northern  extremity  of  the  ridge  in 
Stoddard  County,  Mo.,  to  the  southern  extremity  of  the  ridge  in 
Phillips  County,  Ark.;  E-F  (PL  III)  is  a  section  across  the  embay- 
ment from  the  vicinity  of  Supply,  Randolph  County,  Ark.,  to  a  point 
12  miles  east  of  Paris,  Henry  Coimty,  Tenn.;  G-H  (PL  IV)  is  a 
section  across  the  embayment  from  Grandglaise,  Jackson  County, 
Ark.,  to  a  point  10  miles  south  of  Decaturville,  Decatur  County, 
Tenn. ;  I-J  (PL  IV)  is  a  section  extending  partly  across  the  embayment 
from  Little  Rock,  Pulaski  County,  Ark.,  to  near  Helena,  Phillips 
County,  Ark.  In  these  sections  the  elevation  of  the  upper  surface 
of  the  Eocene  is  in  most  places  represented  too  low,  owing  to  the 
necessary  exaggeration  of  the  thickness  of  the  Lafayette  formation. 

Deposits  of  Cretaceous  age  occupy  the  bottom  of  the  trough  and 
probably  reach  a  maximum  thickness  of  2,000  feet  or  more.  They  out- 
crop in  a  relatively  narrow  belt  along  the  eastern  limb  of  the  trough 
in  Alabama,  Mississippi,  Tennessee,  and  southern  Illinois,  and  along 
the  western  limit  of  the  trough  in  the  vicinity  of  Newark,  Inde- 
pendence County,  Ark. ;  they  are  also  present  at  a  relatively  shallow 
depth  along  the  border  of  the  Ozark  province  from  Little  Rock, 
Pulaski  County,  northeastward  to  Beebe,  White  County. 

The  Cretaceous  deposits  are  overlain  by  Eocene  deposits,  including 
in  ascending  order  the  Midway,  Wilcox,  Claiborne,  and  Jackson  for- 
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mations,  1«000  feet  or  more  in  aggregate  thickness.    These  forma 
outcrop  east  of  Mississippi  River  in  Mississippi,  Tennessee,  Kentl^ 
and  southern  Illinois;  they  form  the  core  of  Crowleys  Rid 
Arkansas ;  they  outcrop  in  the  Coastal  Plain  uplands  of  south-c 
Arkansas,  and  in  small  areas  along  the  western  margin  of  the  < 
ment  from  Little  Rock  northeastward  to  the  southern  part  of 
pendence  Coimty.    In  the  broad  belt  of  outcrop  east  of  Mis 
River  the  Eocene  deposits  are  partly  overlain  by  gravels  and 
of  the  Lafayette  formation  (Pliocene?)  and  the  tx, 

partly  overlain  by  deposits  of  loess  (Pleistocene).  The  same 
cession  of  surficiul  deposits  occurs  above  the  Eocene  in  Cro^ 
Ridge.  On  the  crests  of  the  Paleozoic  hills  bordering  the  en 
ment  on  the  west  and  in  places  capping  the  Grandglaise  terrac 
scattered  deposits  of  gravel,  sand,  and  argillaceous  loam,  which 
ably  represent,  respectively,  the  Lafayette  formation  and  the  k 

The  Cretaceous  and  Eocene  deposits,  the  overlying  Lafayette 
mation,  and  the  loess  have  been  partly  removed  by  the  erosive 
of  Mississippi  and  Ohio  rivers  to  depths  of  100  to  225  feet  below 
present  surface  of  the  lowlands,  and  the  valleys  have  been  par 
refilled  by  deposits  brought  in  by  the  same  streams.    In  this  mai 
the  Advance  and  Mississippi  lowlands  which  cover  the  greater 
of  the  area  under  consideration  have  been  formed. 

PALEOZOIC  BOCKS. 

Outcropping  Paleozoic  rocks. — ^The  area  treated  in  this  report 
bordered  on  the  northwest  by  the  Ozark  province.    In  the  cont&dL// 
region  between  the  Gulf  Coastal  Plain  and  the  Ozark  province  the 
rocks  composing  the  latter  consist  of  Paleozoic  limestones,  sandstones, 
and  shales,  representing  the  Ordovician,  Silurian,  and  Devonian  ^ 
systems,  which  outcrop  from  Independence  County  northward  to 
the  State  line,  and  the  Carboniferous  system,  which  outcrop  frwn    \ 
Independence  County  southward  to  Pulaski  Coimty.  ] 

The  pre-Carboniferous  rocks  of  Independence,  Lawrence,  and  Ran-    \ 
dolph  counties,  which  are  chiefly  magnesian  limestones  of  the  Ordo-    | 
vician  system  and  subordinately  limestones  of  Silurian  and  sand-    \ 
stones  and  shales  of  Devonian  age,  lie  nearly  horizontal  or  are  only 
gently  folded.    The  Carboniferous  rocks  of  Independence,  Jackson,    - 
White,  Lonoke,  and  Pulaski  counties,  which  include  representatives 
of  both  the  Mississippian  and  Pennsylvanian  series,  consist  mainly 
of  cherts,  shales,  and  sandstones,  with,  however,  a  subordinate  amount 
of  limetones;  these  rocks  vary  in  position  from  nearly  horizontal  to 
strongly  folded. 

From  Little  Rock  northeastward  to  Missouri  the  Paleozoic  hills 
immediately  west  of  the  Gulf  Coastal  Plain  rise  400  to  600  feet  or 
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mations,  1,000  feet  or  more  in  aggregate  thickness.    These  for 
outcrop  east  of  Mississippi  River  in  Mississippi,  Tennessee,  Ken 
and  southern  Illinois;  they  form  the  core  of  Crowleys  Riij 
Arkansas;  they  outcrop  in  the  Coastal  Plain  uplands  of  south- 
Arkansas,  and  in  small  areas  along  the  western  margin  of  the  < 
ment  from  Little  Rock  northeastward  to  the  southern  part  oi 
pendence  County.    In  the  broad  belt  of  outcrop  east  of  Mis 
River  the  Eocene  deposits  are  partly  overlain  by  gravels  and ' 
of  the  Lafayette  formation  (Pliocene?)  and  the  l\. 

partly  overlain  by  deposits  of  loess  (Pleistocene;.    The  samd 
cession  of  surficial  deposits  occurs  above  the  Eocene  in 
Ridge.     On  the  crests  of  the  Paleozoic  hills  bordering  the  en 
ment  on  the  west  and  in  places  capping  the  Grandglaise  terras 
scattered  deposits  of  gravel,  sand,  and  argillaceous  loam,  which 
ably  represent,  respectively,  the  Lafayette  formation  and  the  Ic 

The  Cretaceous  and  Eocene  deposits,  the  overlying  Lafayette  | 
mation,  and  the  loess  have  been  partly  removed  by  the  erosive  ad 
of  Mississippi  and  Ohio  rivers  to  depths  of  100  to  225  feet  below^ 
present  surface  of  the  lowlands,  and  the  valleys  have  been  pa 
refilled  by  deposits  brought  in  by  the  same  streams.  In  this  man 
the  Advance  and  Mississippi  lowlands  which  cover  the  greater  pa 
of  the  area  under  consideration  have  been  formed. 

PALEOZOIC  BOCSS.  / 

.   / 
Outcropping  Paleozoic  rocks. — ^The  area  treated  in  this  report  is/ 
bordered  on  the  northwest  by  the  Ozark  province.    In  the  contact  / 
region  between  the  Gulf  Coastal  Plain  and  the  Ozark  province  the  ^ 
rocks  composing  the  latter  consist  of  Paleozoic  limestones,  sandstones, 
and  shales,  representing  the  Ordovician,  Silurian,  and  Devonian 
systems,  which  outcrop  from  Independence  County  northward  to 
the  State  line,  and  the  Carboniferous  system,  which  outcrop  from 
Independence  County  southward  to  Pulaski  County. 

The  pre-Carboniferous  rocks  of  Independence,  Lawrence,  and  Ran- 
dolph counties,  which  are  chiefly  magnesian  limestones  of  the  Ordo- 
vician system  and  subordinately  limestones  of  Silurian  and  sand- 
stones and  shales  of  Devonian  age,  lie  nearly  horizontal  or  are  only 
gently  folded.  The  Carboniferous  rocks  of  Independence,  Jackson, 
White,  Lonoke,  and  Pulaski  counties,  which  include  representatives 
of  both  the  Mississippian  and  Pennsylvanian  series,  consist  mainly 
of  cherts,  shales,  and  sandstones,  with,  however,  a  subordinate  amount 
of  limetones;  these  rocks  vary  in  position  from  nearly  horizontal  to 
strongly  folded. 

From  Little  Rock  northeastward  to  Missouri  the  Paleozoic  hills 
immediately  west  of  the  Gulf  Coastal  Plain  rise  400  to  500  feet  or 
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more  above  sea  level,  or  100  to  200  feet  or  more  above  the  level  of  the 
Advance  lowland  to  the  east  The  boundary  is  marked  by  a  rela- 
tively abrupt  escarpment  which  is  believed  to  be  a  sea  cliff  formed 
along  an  early  Eocene  shore  line. 

Buried  Paleozoic  rocks. — ^The  Paleozoic  rocks  are  separated  from 
the  deposits  of  the  Coastal  Plain  by  a  steep  eastward-sloping  non- 
conformable  contact,  which  is  the  continuation  beneath  the  surface 
of  the  ancient  erosion  escarpment  that  separates  the  Coastal  Plain 
from  the  Ozark  province.  The  contact  maintains  its  relatively  steep 
position  to  only  a  small  depth,  probably  20  to  50  feet,  beyond  which 
it  flattens  out  and  extends  eastward  beneath  the  deposits  of  the 
Coastal  Plain  at  a  slight  dip,  probably  nowhere  exceeding  75  feet  to 
the  mile.  The  buried  Paleozoic  rocks  have  been  reached  in  numerous 
wells  near  the  western  margin  of  the  Gulf  Coastal  Plain  at  depths 
ranging  from  20  to  60  feet. 

Little  is  known  concerning  the  depth  to  the  Paleozoic  basement 
rocks  in  the  Mississippi  embayment  except  in  close  proximity  to  its 
outside  rim.  A  few  deep  wells,  however,  have  thrown  some  Ught  on 
the  subject. 

A  well  at  Newport,  Jackson  County,  is  believed  to  have  entered  the 
Paleozoic  rocks  at  a  depth  of  655  feet. 

A,  well  at  Stuttgart,  Arkansas  County,  40  miles  southeast  of  the 
Paleozoic  border,  stopped  on  solid  rock  at  a  depth  of  1,200  feet;  the 
available  data  are  insuflBcient  to  determine  whether  the  rock  was  an 
indurated  layer  in  the  deposits  of  the  Coastal  Plain  or  the  Paleozoic 
basement  rocks. 

A  1,265-foot  well  at  Jonesboro,  Craighead  County,  30  miles  from 
the  Paleozoic  border,  did  not  reach  the  basement  rocks. 

A  960-foot  well  at  Campbell,^  Dimklin  County,  Mo.,  24  miles  from 
the  Paleozoic  border,  also  failed  to  reach  the  basement  rocks. 

A  960- foot  well  at  Paducah,  Ky.,  encountered  Paleozoic  limestone 
at  a  depth  of  300  feet. 

Two  wells  at  Morehouse,^  New  Madrid  Coimty,  Mo.,  16  miles  from 
the  nearest  outcrop  of  Paleozoic  rocks^  struck  Cambrian  limestone  at 
depths  of  690  and  696  feet,  respectively. 

A  2,007-foot  well  at  Marked  Tree,  Poinsett  County,  Ark.,  44 
miles  southeast  of  the  Paleozoic  border,  did  not  reach  the  basement 
rocks. 

A  well  near  Memphis,  Tenn.,  near  the  center  of  the  Mississippi  Em- 
bayment and  about  145  miles  south  of  the  head  of  the  embayment, 
was  drilled  to  a  depth  of  2,500-f  feet  and  did  not  reach  the  basement 
rocks. 

^Staepard,  E.  M..  Underground  waters  of  Missouri:  U.  8.  Oeol.  Survey  Water-Supply 
Paper  195,  pp.  175.  176.  1907. 
Mdem,  p.  175. 
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MBSOZOIC  AKB  CBNOZOIC  FOBMATIOH& 

Generalized  seetlon. 

A  generalized  section  of  the  Mesozoic  and  Cenozpic  for 
the  Coastal  Plain  of  eastern  and  northeastern  Arkansas  is  gii; 
following  table : 

Oeneralized  section  of  the  Mesozoic  and  Cenozoic  rocks  of  north 

Arkansas. 


System. 


Series. 


FormatioD. 


Characteristics. 


Recent. 


AHuTioin;  water-bearing. 


Quater- 
nary. 


Pleistocene. 


AUaviom;  yields  large  quan- 
tities of  water. 


Pliocene  (7). 


-Unconfonnity 

(Afliyette  fiDrmation. 
-Unconformity 


Loess;  not  an  important  water- 
bearer. 


Gravels   and   sands;    water- 
bearing in  part. 


Jackson  formation. 


Sands,    days,    and     marls; 
water-bearing  in  part. 


Tertiary. 


Eocene. 


Clafbonie  formation. 
•Unconformity  (?) — 
Wiloox  formatfon. 


Sands,  days,   lignites,   and 
maru;  water-bearing. 


Sands,   days,   and   lignites; 
water-bearing. 


Midway  formation. 
.Unconformity 


Limestones^  sands,  and  marls: 
probably  water-bearing  in 
buried  extension. 


Cretaceous. 


Upper  Cretaceous. 


Naoatoch  sand  (7). 
•Unconformity 


Qlauconitfo  sands,  days,  and 
marls;  probably  water-bear- 
ing in  buried  extensfon. 


(Paleocoic  rocks  undifferentiated.) 


o  Maximum  observed  thickness. 

Cretaceous  system. 

IGNEOUS  INTRUSIONS  OF  LATE  LOWER  CRETACEOUS  OR  EARLY  Ul 

CRETACEOUS  AGE. 

Igneous  intrusive  rocks  occur  in  one  small  tract  in  the  area  o    "*^^ 
by  the  geologic  map  (PL  II)  accompanying  this  report, 
is  in  Pulaski  County,  a  few  miles  south  of  Little  Bock,  and  is  1 
as  the  Fourche  Mountain  region.    The  igneous  rocks  con 
Pulaskite  (blue  granite),  elseolite  syenite  (gray  granite),  and  i 
other  related  varieties  of  rock.    Associated  with  the  igneous  i 
and  with  the  adjacent  Tertiary  sediments  are  important  depo 
bauxite,  the  chief  ore  of  aluminum. 

Williams^  regarded  the  age  of  these  rocks  as  late  Cret 
early  Tertiary. 

^  Williams,  J.  F.,  The  igneous  rocks  of  Arkansas :  Arkansas  Geol.  Surrey  Ann.  1 
1890,  vol.  2,  pp.  5,  123.  1891. 
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Miser  ^  has  recently  shown  that  the  peridotites  of  southwest  Ar- 
kansas, which  are  believed  to  be  of  approximately  the  same  age  as  the 
igneous  rocks  near  Little  Rock,  cut  the  Trinity  formation  (Lower 
Cretaceous),  and  that  pebbles  of  several  kinds  of  the  igneous  rocks 
of  the  region  are  included  in  the  basal  gravels  of  the  Bingen  sand 
(basal  Upper  Cretaceous).  The  Trinity  and  Bingen  formations  are 
separated  by  an  unconformity  and  the  intrusions  must  have  occurred 
during  the  interval  which  it  represents.  In  a  more  recent  impub- 
lished  statement  Miser  expresses  the  opinion  that  the  time  of  the 
intrusions  was  late  Lower  Cretaceous  or  early  Upper  Cretaceous, 
and  they  may  have  accompanied  the  downwarping  that  produced 
the  transgression  of  the  Upper  Cretaceous  sea  in  the  Mississippi 
enAayment. 

UPPER  CRETACEOnS   SERIES. 
OHABAOTBB  AVD  DISTBIBITTIOV. 

Strata  of  Upper  Cretaceouis  age  outcrop  in  a  narrow  area  along  the 
western  border  of  the  Mississippi  embayment  in  Independence 
County;  however,  Cretaceous  deposits  are  believed  to  be  present 
beneath  younger  formations  throughout  practically  all  the  area 
treated  in  this  report.  The  buried  deposits  are  believed  to  be  refer- 
able to  the  Upper  Cretaceous,  although  in  the  center  of  the  Missis- 
sippi embayment  Lower  Cretaceous  deposits  may  intervene  between 
the  base  of  the  Upper  Cretaceous  and  the  Paleozoic  basement  rocks. 

The  data  available  indicate  that  the  Cretaceous  deposits  consist 
chiefly  of  argillaceous  and  sandy  marls,  sands,  and  clays  of  marine 
origin  and  attain  their  maximum  thickness  in  the  south-central  part 
of  the  Mississippi  embayment ;  according  to  the  interpretation  of  logs 
of  weUs  at  Memphis,  Tenn.,  the  deposits  have  been  penetrated  from 
a  depth  of  1,135  feet  to  a  depth  of  over  2,500  feet,  showing  here  a 
thickness  of  over  1,300  feet. 

.  The  buried  Cretaceous  strata  of  this  area  are  the  northwestward 
and  westward  continuation  of  deposits  that  outcrop  in  Mississippi, 
Tennessee,  Kentucky,  and  southern  Illinois  and  the  northeastward 
continuation  of  deposits  that  outcrop  in  southwestern  Arkansas. 

In  southwestern  Arkansas  the  Cretaceous  deposits  have  been 
divided  in  ascending  order  into  the  Trinity  sand  of  the  Lower  Cre- 
taceous, and  the  Bingen  sand,  the  Brownstown  marl,  the  Annona 
chalk,  the  Marlbrook  marl,  the  Nacatoch  sand,  and  the  Arkadelphia 
clay  of  the  Upper  Cretaceous.  East  of  Mississippi  River  in  the 
States  enumerated  the  deposits  have  been  divided  in  ascending  order 
into  the  Tuscaloosa  formation,  the  Eutaw  formation,  the  Selma 
chalk,  and  the  Ripley  formation,  all  of  Upper  Cretaceous  age. 

*  Ulier,  H.  D„  New  areas  of  diamond-bearing  peridotite  in  Arkansas :  U.  S.  G«ol.  Survey 
Bull  640,  pp.  541-545,  1914. 
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Only  meager  data  have  been  obtained  for  differentiating  into  for- 
mations the  buried  Cretaceous  strata  of  the  Mississippi  embaymfest 
The  marls  encountered  in  wells  along  the  western  border  of  the  azea 
at  Little  Rock,  Cabot,  and  Beebe  contain  a  fauna  corresponding  m 
age  to  the  f  aima  of  the  Nacatoch  sand  in  southwestern  Arkansas,  of 
the  Navarro  formation  in  Texas,  and  of  the  typical  Ripley  strata 
exposed  in  Tippah  County,  Miss.  The  meager  faima  f oimd  in  sur- 
face outcrops  in  the  vicinity  of  Newark,  Independence  County,  b 
certainly  of  Upper  Cretaceous  age,  and,  although  too  imperfect  to 
admit  of  an  exact  correlation,  the  containing  beds  probably  represent 
the  northward  extension  of  the  Nacatoch  sand. 

Deep  wells,  which  are  believed  to  have  penetrated  strata  of  Cre- 
taceous age,  have  been  drilled  in  Jackson,  Arkansas,  Craighead,  IGs- 
sissippi,  and  Poinsett  counties.  Ark.;  at  Memphis,  Tenn.;  and  al 
Campbell,  Dunklin  Coimty,  Met  (see  pp.  42-44) ;  a  Cretaceous  fossil 
has  been  obtained  from  an  excavation  at  Cairo,  HI. 

VACATOOK  8AHD  (t). 
GENERAL  FKATUBE8. 

The  name  Nacatoch  is  derived  from  Nacatoch  Bluff  on  Little  Mis- 
souri River,  Clark  Coimty,  Ark.,  and  was  first  used  by  Veatch  *  for  a 
series  of  Upper  Cretaceous  sands  in  southwest  Arkansas,  which  inter- 
venes between  the  Marlbrook  marl  and  the  Arkadelphia  clay.  Ac- 
cording to  Veatch,  the  formation  corresponds  approximately  to  the 
Washington  greensand  of  Hill,*  but  the  latter  name  was  found  to 
be  preoccupied  by  the  Washington  County  group  described  by  Steven- 
son* in  1876. 

In  northeastern  Arkansas  the  deposits  regarded  as  representing 
this  formation  outcrop  in  the  Grandglaise  terrace  in  gullies  and  along 
valley  slopes  from  near  Magness  and  Newark  in  Independence  County 
northeastward  to  the  southern  part  of  Lawrence  County. 

In  southwestern  Arkansas  the  formation  outcrops  in  a  belt  2  to  8 
miles  wide,  extending  from  near  Arkadelphia,  Clark  County,  south- 
westward  to  the  western  part  of  Hempstead  County. 

In  Independence  and  Lawrence  counties  the  formation  rests  un- 
conformably  upon  Paleozoic  rocks  of  Carboniferous  and  pre-Car- 
boniferous  age,  and  is  overlain  unconformably  by  gravels  of  the 
Lafayette  formation.  The  buried  representatives  of  the  formation  m 
White,  Lonoke,  and  Pulaski  counties  rest  unconformably  upon  Car- 
boniferous rocks  and  are  overlain,  probably  unconformably,  by 
Eocene  strata  and  chiefly  by  the  Midway  formation. 

^Veatcb,  A  C,  Geology  and  underground  water  resources  of  northern  Louisiana  and 
Boutbem  Arkansas :  U.  8.  Geol.  Survey  Prof.  Paper  46,  pp.  26,  27,  1906. 

«  Hill,  E.  T.,  The  Neojtolc  geology  of  southwestern  Arkansas :  Arkansas  Geol.  Surrey 
Ann.  Kept,  vol.  2,  pp.  72-75,  1888. 

'Pennsylvania  Second  Geol.  Survey  Rept  K,  pp.  44-46,  1876. 
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Where  observed  in  outcrops  in  Independence  County  the  forma- 
tion consists  mainly  of  glauconitic  sands  interbedded  with  drab  or 
grky  laminated  clays.  The  glauconite  is  present  in  all  stages  of 
oxidation,  rendering  the  sands  reddish  or  brownish  in  color,  and 
locally  the  beds  are  indurated  to  brownish,  ferruginous  sandstones. 
Iron  carbonate  concretions  in  various  stages  of  oxidation  were  ob- 
served at  one  locality,  and  calcareous  and  fossiliferous  layers  occur 
locally  in  the  formation. 

The  materials  of  the  formation  recognized  in  wells  in  White, 
Lonoke,  and  Pulaski  counties  (pp.  40,  41)  consist  of  bluish-gray 
calcareous  fossiliferous  sandstones  and  clays. 

Owing  to  the  small  extent  and  paucity  of  the  exposures,  little  is 
known  concerning  the  structure  of  the  formation  in  central  and  north- 
eastern Arkansas.  However,  considerations  based  on  the  general 
structure  of  the  Mississippi  embayment  lead  to  the  opinion  that  the 
strata  strike  approximately  northeast  and  southwest  parallel  to  the 
trend  of  the  eastern  border  of  the  Ozark  province,  and  dip  slightly 
to  the  east  or  southeast  away  from  that  border. 

In  the  vicinity  of  Newark,  Independence  County,  the  formation 
contains  a  few  poorly  preserved  fossil  moUusks  and  shark  teeth,  and 
a  few  species  of  moUusks  have  been  obtained  from  the  beds  of  the 
formation  penetrated  in  wells  in  White,  Lonoke,  and  Pulaski  coun- 
ties. The  names  of  some  of  the  more  important  fossils  are  given  in 
the  discussion  of  the  correlation  of  the  formation  on  page  42. 

LOCAL  DFTAILS. 

Independence  County. — In  valleys  and  gullies  cutting  the  Grand- 
glaise  terrace,  in  the  vicinity  of  Newark,  Independence  County,  are 
exposures  of  greenish  to  reddish  or  brownish,  more  or  less  com- 
pletely oxidized  greensand,  interbedded  with  subordinate  layers 
and  lenses  of  laminated  drab  clay,  the  age  of  which  as  shown  by 
poorly  preserved  fossils  is  Upper  Cretaceous.  Several  localities  were 
examined  in  detail  and  are  described  in  subsequent  paragraphs. 

Two  miles  north  of  Newark,  on  the  upper  road  leading  to  Sulphur 
Bock,  the  following  section  is  exposed  in  the  road  ditches  on  the 
west-facing  slope  of  Thomas  Creek  valley  along  a  distance  of  about 
one-quarter  mile. 

Section  2  miles  north  of  Newark  on  upper  road  leading  to  Sulphur  Rock;  west- 
facing  slope  of  Thomas  Creek  vaUey, 
[Top  of  section  100 ±  feet  above  level  of  Advance  lowland,  aneroid  reading.] 
PUocene  (?)  (Lafayette formation) :  Feet 

3.  Heavy  bed  of  gravel  capping  the  hill  east  of  the 
creek  vall^ ;  consists  mainly  of  angular  to  partially 
rounded  brown,  gray,  and  red  pebbles  and  cobbles 
of  chert  and  flint  up  to  6  Inches  or  more  in  length ; 
materials  from  this  bed  have  drifted  down  over 
the  vaUey  slope  to  the  base  of  the  hill 25± 
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Upper  Cretaceous  (Nacatoch  sand?) :  FMt. 

2.  Greenish-drab  weathered  clay,  poorly  exposed 25± 

1.  Dark-i;reen  to  reddish  or  brownish,  more  or  less 
oxidized,  highly  glaaconitic  sand,  and  drab  lami- 
nated clay,  the  clay  predominating  in  the  upper  15 
or  20  feet  and  the  sand  predominating  in  the  lower 
40  or  45  feet;  the  glanconite  in  the  sand  is  pres- 
ent in  all  stages  of  oxidation  from  dark-green, 
slightly  oxidised  grains  to  completely  oxidised 
grains ;  locally  the  sand  is  indurated  to  dark-brown 
ferruginous  sandstone,  and  one  such  layer,  20  or 
25  feet  above  the  base,  contains  poorly  preserved 
fossils,  among  which  were  recognised  an  unidenti- 
fied coral,  Exogyra  (print  of  a  small  valve), 
Turritella  trilira  Ck>nrad  (?),  and  a  shark  tooth 
(field  No.  270) 60 

llOi: 

Two  and  one-half  miles  north  of  Newark,  20  or  25  feet  of  materials 
corresponding  to  layer  No.  1  of  the  preceding  section  are  exposed  in 
a  gully  in  a  field  just  east  of  the  road  leading  to  Cord.  The  mate- 
rials here  consist  of  glauconitic  greensand  interbedded  with  layers 
of  drab  laminated  clay,  yellow  ocher-like  ironstone,  and  more  or  less 
completely  oxidized  concretions  of  iron  carbonate,  many  of  which 
have  an  unoxidized  core.  Ten  or  fifteen  feet  above  the  base  of  the 
section  is  a  discontinuous  concretionary  layer  of  coarse,  calcareous, 
glauconitic  sandstone  containing  small  black  phosphatic  pebbles  and 
a  few  poorly  preserved  waterwom  fossils;  the  individual  lenses  are 
several  feet  in  length  and  3  to  4  inches  in  thickness.  The  following 
Cretaceous  fossils  were  recognized:  Ostrea  tecticosta  Gabb,  Ostrei 
sp.  (yoimg  individual),  and  Anomia  sp.  (a  ribbed  form)  (field 
No.  271). 

In  a  gully  on  a  public  road  leading*west  from  the  Magness-Sulphur 
Rock  road,  about  1  mile  north  of  Magness  and  3  miles  west  of 
Newark,  the  following  section  is  exposed : 

Section  in  public  road  leading  west  from  the  MagnesB-Sulphur  Rock  road,  1 

mile  north  of  Magne%%. 

[Top  of  section  100 ±  feet  above  level  of  Advance  lowland,  aneroid  reading.] 

Pleistocene  (?)  (loess?) :  Feet 

Yellowish  sDd  brownish  pebbly  loam  capping  the  hiU^    2-3 

Pliocene  (?)  (Lafayette formation) : 

Gravel  composed  of  pebbles  and  cobbles  of  flint  and 
chert  up  to  8  or  10  inches  in  length .    3-4 

Unconformity. 
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Upper  Cretaceous  (Nacatoch  sand?) :  Feet. 

Red  oxidized  glauconitic  sand,  locally  Indurated  to 
ferruginous  sandstone,  with  interbedded  subordinate 

layers  of  laminated  clay 20 

Gravel  composed  chiefly  of  pebbles  of  flint  and  chert, 
with  some  fragments  of  sandstone;  the  pebbles  are 
angular  to  smoothly  rounded,  are  gray,  black,  and 

brown,  and  reach  3  oi*  4  inches  in  length f-l 

Unconformity. 

Paleozoic  (Carboniferous) : 

Dark  compact  shale 15 

43± 
Soft  fossiliferous  limestone  or  marl,  which  probably  belongs  to 
the  Nacatoch  sand,  is  encountered  in  wells  at  and  near  Newark. 
However,  none  of  the  fossiliferous  material  has  been  saved  for  ex- 
amination. Specific  localities,  where  the  material  has  been  reported, 
are  a  well  in  Newark,  where  3  feet  of  gray  limestone  or  marl  contain- 
ing moUusks  and  shark  teeth  was  penetrated  between  the  depths 
18  and  21  feet  (see  log,  p.  194),  and  2  miles  north  of  Newark,  where, 
in  a  phosphate  prospecting  pit,  dug  to  an  undetermined  depth,  a 
similar  bed  of  marl  was  encountered. 

The  exposures  described  show  that  the  body  of  the  Grandglaise 
terrace  in  the  vicinity  of  Newark  is  composed  of  strata  of  Upper 
Cretaceous  age,  probably  representing  the  northward  extension  of 
the  Nacatoch  sand  of  southwest  Arkansas.  The  Cretaceous  is  over- 
lain by  gravels  of  the  Lafayette  formation,  reaching  a  maximum 
thickness  of  25  or  30  feet,  and  above  the  latter  is  a  thin  layer,  not 
everjrwhere  present,  of  sandy  and  pebbly  loam,  believed  to  represent 
the  loess  of  Crowleya  Ridge. 

Between  Newark,  Independence  County,  and  Strawberry,  Law- 
rence County,  stratified  sands  and  clays,  probably  of  the  same  age  as 
the  Cretaceous  strata  in  the  vicinity  of  Newark,  are  exposed  in  places 
in  the  Grandglaise  terrace,  and  have  been  examined  at  the  following- 
described  localities: 

Three  miles  north  of  Newark,  on  the  Newark-Powhatan  road,  alter- 
nating beds  of  sand  and  pinkish-gray  clay  rest  upon  Paleozoic  sand- 
stone. 

In  sec.  2,  T.  13  N.,  R.  4  W.,  alternating  beds  of  red  sand  and  gray 
clay  are  exposed  near  the  top  of  the  terrace,  which  is  here  well  devel- 
oped and  rises  about  90  feet  above  Black  Biver  bottom. 

Between  Dota  and  Cord  the  terrace  is  2  to  3  miles  wide.  Highly 
stratified  sands  and  clays  were  observed  to  maximum  heights  of  70 
to  90  feet  above  the  level  of  Black  River  bottom;  gravels  of  the 
Lafayette  formation  and  yellow  loams,  probably  representing  the 
loess  of  Crowleys  Ridge,  overlie  the  sands  and  clays  at  many  places. 
Stratified  sands  and  clays  were  observed  in  the  vicinity  of  Saffel 
post  office  (now  discontinued).    Three-quarters  of  a  mile  north  of 
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Saffel  a  few  feet  of  gray  to  blue  clay,  interstratified  with  red  sand 
and  overlain  by  2  to  10  feet  of  yellow  loam,  is  exposed;  the  loam 
resembles  certain  facies  of  loess  in  Crowleys  Ridge  and  is  believed 
to  be  of  the  same  age  as  the  loess  (Pleistocene).  The  loam  fom^ 
the  surface  material  of  the  terrace  from  about  3  miles  south  of  Saffd 
to  Strawberry,  in  Lawrence  County. 

South  of  Independence  County. — Most  of  the  known  data  regard- 
ing the  existence  of  buried  deposits  of  Cretaceous  age  along  the 
western  border  of  the  Mississippi  embayment,  south  of  Independent 
County,  have  been  published  by  Harris.*  With  reference  to  speci- 
mens of  marl  encountered  in  wells  at  Beebe,  White  County,  at  depths 
not  exceeding  64  feet,  Harris  says: 

A  fragment  of  this  marl  from  Beebe  was  obtained  by  the  present  writer  from 
the  State  Survey  collection,  and  when  examined  its  Cretaceous  characters  w»e 
definitely  ascertained.  The  matter  was  accordingly  submitted  to  the  Mesonde 
Division  of  the  United  States  Geological  Survey,  and  Dr.  T.  W.  Stanton  repents 
finding  in  it  the  foUowing  species  of  Cretaceous  (Ripley)  fossils: 


Scaphites  conradi  (Morton). 
Baculites  anceps  Lamarck. 
Placenticeras  sp. 


Nucula  percrassa  Conrad. 
QaH?  elliptica  Gabb. 
Veleda  lintea  Conrad? 

Harris  gives  other  data  as  follows : 

Lonoke  County, — ^Among  some  material  sent  to  the  United  States  Geological 
Survey  in  1800  by  Dr.  Branner  are  three  or  four  fragments  of  Exogyra  cosUiUt 
labeled  **  Well  at  Cabot  Station,  Iron  Mt  R.  R.,  Lonoke  Co.,  Arkansas,  sec  18» 
4  N.,  9  W. ;  E.  C.  Buchanan,  collector,  AprU,  1873."  Another  package,  marked 
"  Well  at  Cabot,  Hendricks,"  contains  numerous  specimens  of  an  Anomia  and 
Cardium  eufaulensef  and  other  more  indistinct  forms,  all  imbedded  in  a  bluish 
gray  calcareous  sandstone  resembling  closely  the  concretionary  rocks  of  the 
upper  Ripley  group. 

From  a  well  at  Cabot,  known  as  the  Nusury  well,  owned  by  Mr- 
George  P.  Murrell,  the  junior  author  of  the  present  report  obtained 
fossiliferous  material,  taken  between  the  depths  of  20  and  46  feet, 
which  on  lithologic  grounds  are  separable  into  dark-gray  calcareous 
clay,  with  numerous  fragments  of  shells,  in  part  arranged  in  seams 
ahd  pockets,  and  gray  calcareous  stndstone. 

Among  the  poorly  preserved  fossils  in  the  clay  the  senior  author 
has  identified  the  following  forms:  Leda  pinnaforma  Gabb,  Anomia 
argentaria  Morton?,  Crassatellites  sp.,  Cardiimi  sp.,  CypHmeria  de- 
pressa  Conrad,  Scaphites  sp.  In  the  sandstone  he  recognized  Nucula 
sp.,  Glycymeris  sp.  (young  individual),  Anomia  sp.  (ribbed  form), 
and  Cardium  eufaulense  Conrad. 

In  regard  to  the  Cretaceous  strata  in  Pulaski  County,  Harris  says: 

Pulaski  County. — It  is  at  present  impossible  to  say  to  what  extent  the  Bocene 
deposits  of  Pulaski  County  are  underlaid  by  Cretaceous.    In  the  vicinity  of 

*  narris,  O.  D.,  The  Tertiary  geology  of  southern  Arkansas :  Arkansas  GeoU  Surrey 
Ann.  Rept.  for  1892,  vol.  2,  pp.  10-15,  1894. 
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1L«ittle  Bock,  however,  there  is  good,  though  not  absolutely  positive  evidence, 
that  beneath  the  limestone  layer  of  the  Midway  Eocene  there  are  Cretaceous 
deposits  from  10  to  30  feet  in  thickness.  A  package  was  sent  to  the  United 
States  Geological  Survey  by  Dr.  Branner,  marked  "  J.  S.  Taylor's  well,  West 
Ttli  Street,  near  Bishop  Street,  Little  Rock;  E.  G.  Buchanan,  collector,  July, 
1875,'*  containing  the  following  Cretaceous  forms : 

Anomia  (as  at  Cabot). 

Cardium  eufaulense? 

Leptosolen  biplicata  (Stanton's  identification). 

Turritella  trilira. 
The  striking  similarity  between  the  matrix  and  fossils  from  this  locality  to 
those  found  at  Cabot  has  led  to  the  suspicion,  though  perhaps  ungrounded,  that 
all  may  have  come  from  the  latter  place  and  at  some  time  had  been  improperly 
labeled.  Yet,  even  though  this  be  true,  there  are  other  evidences  which  go 
far  to  show  that  there  are  Cretaceous  deposits  within  the  limits  of  the  city 
of  Little  Rock. 

Harris  *  also  describes  several  exposures  of  bog  iron  ore,  ferruginous 
sand  and  clay,  and  sand,  which  he  believes  to  be  of  Cretaceous  age, 
at  several  localities  within  the  city  of  Little  Rock.  These  beds  under- 
lie strata  of  undoubted  Midway  (Eocene)  age  and  the  ferruginous 
bed  in  places  contains  obscure  casts  of  fossils,  among  which  are  ques- 
tionably identified  impressions  of  Baculites  and  Exogyra  costata. 
These  localities  are  as  follows : 

Intersection  of  Nineteenth  Street  or  **  Hot  Springs  road  "  and  the  St.  liouls, 
Iron  Mountain  &  Southern  Railway ;  10  feet  of  bog  iron  ore  overlain  by  20  feet 
of  white  and  yellow  sand. 

The  flanks  of  the  depression  in  western  Little  Rock  through  which  the  St 
Louis,  Iron  Mountain  &  Southern  Railway  passes. 

The  corner  of  Sixth  and  Wolfe  streets ;  ferruginous  concretions  with  obscure 
casts. 

On  Twelfth  and  Thirteenth  streets,  west  of  the  St.  Louis,  Iron  Mountain  & 
Southern  Railway,  about  100  yards  south  of  the  Hot  Springs  road ;  ferruginous 
bed  with  indistinct  impressions  of  fossils. 

The  data  indicate  the  presence  of  Upper  Cretaceous  strata,  probably 
representing  the  Nacatoch  sand,  at  a  relatively  shallow  depth  along 
the  western  margin  of  the  Mississippi  embayment  from  Little  Rock 
at  least  as  far  north  as  Beebe,  White  County. 

COBBELATION. 

Surface  deposits  in  the  vicinity  of  Newark,  Independence  County, 
have  yielded  the  following  species : 

Species  from  Cretaceous  deposits  exposed  near  Newark,  Independence 

County. 


Unidentified  coral. 
Ostrea  tecticosta  Gabb. 
Ostrea  sp.  (young  individual). 
Exogyra  (print  of  small  valve). 


Anomia  sp.  (ribbed  form). 
Turritella  trilira  (Conrad  (?) 
Unidentified  shark  tooth. 


>  Harris,  G.  D..  op.  cit.,  pp.  13,  14. 
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The  fossils  enumerated  are  characteristic  Upper  Cretaceous  forms, 
but  those  identified  specifically,  with  the  possible  exception  of  the 
ribbed  Anomia,  have  rather  wide  vertical  ranges  within  the  Upp^ 
Cretaceous  and  are  therefore  not  of  much  value  in  establishing  an 
exact  correlation  with  known  sections  elsewhere.  In  terms  of  the 
Upper  Cretaceous  section  of  southwestern  Arkansas,  both  Ostrea 
tecticosta  Gabb  and  TurriteUa  triUra  Conrad  might  be  taken  as 
indications  of  any  one  of  the  Upper  Cretaceous  formations,  from  tiie 
Brownstown  marl  to  the  Arkadelphia  clay,  inclusive.  So  far  as 
known,  the  type  of  Anomia  found  at  this  place  is  restricted  in  range 
to  the  upper  part  of  the  Upper  Cretaceous,  and  this  form  probably 
limits  the  possible  correlation  of  the  beds  to  either  the  Nacatoch  sand 
or  the  Arkadelphia  clay.  The  highly  glauconitic  character  of  the 
deposits,  however,  is  strong  though  not  conclusive  evidence  that  they 
represent  the  northward  extension  of  the  Nacatoch  sand. 

This  correlation  is  strengthened  by  the  evidence  afforded  by  certain 
of  the  Cretaceous  fossils  found  in  wells  in  Lonoke  and  White  coun- 
ties, such  as  Exogyra  costata  Say,  Garif  eUiptica  Gabb,  Scaphiies 
conradi  (Morton),  and  BacuUtes  anceps  Lamarck.  (See  p.  40.) 
In  known  sections  these  fossils  are  restricted  in  range  and  indicate 
that  the  containing  beds  are  approximately  synchronous  with  the 
Nacatoch  sand.  The  deposits  in  the  vicinity  of  Newark,  Independ- 
ence County,  are  believed  to  be  the  northward  continuation  of  these 
buried  strata. 

ORETAOSOVS  STRATA  PSMETRATED  ZH  WXLL8  AVD  EZOAyATZOKB, 

WeU  at  Newport^  Jackson  County. — ^A  1,000-foot  well  at  Newport, 
Jackson  County,  a  log  of  which  is  given  on  page  197,  passed  through 
500  feet  of  quicksand  between  depths  of  155  and  655  feet;  the  quick- 
sand is  probably  referable  in  part  or  in  whole  to  the  Cretaceous. 

WeU  at  StuttgaH^  Arkansas  County.— In  1906  and  1907  a  1,200- 
foot  oil-prospecting  well  was  drilled  near  Stuttgart,  Arkan^is 
County.  (See  incomplete  log  on  p.  152.)  Glauconitic  sand,  whidi 
may  be  referable  to  the  Cretaceous,  was  penetrated  between  the 
depths  of  950  and  1,078  feet. 

WelU  at  Joneshoro^  Craighead  County. — ^At  the  city  waterworks 
plant  at  Jonesboro,  in  Craighead  County,  two  wells  have  been  drilled 
to  depths  of  1,214  and  1,265  feet,  respectively.  An  approximate  log 
of  the  deeper  well  is  given  on  page  169.  It  is  believed  that  several 
hundred  feet  of  Cretaceous  strata  were  penetrated  in  the  lower  part 
of  the  boring. 

'Wells  in  Mississippi  Cownty. — ^Welis  in  Mississippi  County  at 
Blytheville  (depth  1,448  feet),  at  Burdette  (depth  1,495.5  feet),  and 
at  Wilson  (depth  1,567  feet)  entered  the  Cretaceous  and  probably 
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penetrated  several  hundred  feet  of  strata  of  that  age  in  the  lower 
parts  of  the  borings.  Incomplete  logs  of  the  Blytheville  and  Bur- 
dette  wells  are  given  on  pages  225  and  226. 

Well  at  Marked  Tree^  Poinsett  County.— Jl  2,007-foot  well  at 
Marked  Tree,  in  Poinsett  County,  'probably  penetrated  not  less  than 
1,000  feet  of  Cretaceous  strata  in  its  lower  part.     (See  p.  245.) 

Wells  at  Memphis^  Tenn. — Several  deep  wells  have  been  drilled 
at  Memphis,  Tenn.   The  logs  of  two  of  them,  the  depths  of  which  are, 
respectively,  1,583  and  1,794  feet,  are  quoted  on  pages  176  and  177.    In 
1911-12  an  oil-prospecting  well  was  drilled  on  Old  Hen  and  Chicken 
Island,  near  Memphis,  to  a  depth  of  2,500-f  feet.    No  fossils  have 
been  obtained  from  these  wells  and  the  attempted  correlations  were 
based  on  the  lithologic  character  of  the  materials  penetrated.    Ac- 
cording to  Ashley's  interpretation  of  the  log  of  oil-prospecting  well 
No.  1  on  Hen  and  Chicken  Island,  quoted  on  page  — ,  155  feet  of 
blue  clay,  penetrated  between  the  depths  980  and  1,135  feet,  repre- 
sents the  Porters  Creek  clay  (Eocene) ;  454  feet  of  sand  and  clay, 
sand  predominating,  between  the  depths  1^35  and  1,589  feet,  repre- 
sent the  Ripley  formation  (Upper  Cretaceous) ;  clay  and  sand,  clay 
predominating,  between  the  depths  1,589  feet  and  the  bottom  of  the 
well  at  1,794  feet,  represent  the  Selma  chalk  (Upper  Cretaceous). 

According  to  information  obtained  by  correspondence  with  Mr. 
H.  L.  Armstrong,  of  Memphis,  the  oil-prospecting  well  on  Old  Hen 
and  Chicken  Island  is  believed  to  have  completely  penetrated  the 
clay  representing  the  Selmsr  chalk  at  a  depth  of  2,375  feet,  making 
a  total  thickness  of  786  feet  for  this  formation.  If  this  interpreta- 
tion is  correct,  the  well  penetrated  at  least  125  feet  of  the  Eutaw 
formation  which  underlies  the  Selma. 

WeU  at  CampbeUy  Dunklin  County^  Mo. — ^A  960-foot  well  at 
Campbell,  Dunklin  County,  Mo.,  a  log  of  which  is  quoted  on  page  163, 
is  believed  to  have  penetrated  Cretaceous  strata.  According  to 
Shepard,  who  published  the  log,  the  lower  20  feet  of  the  section  is  of 
Ripley  (Upper  Cretaceous)  age,  but  possibly  a  part  of  the  overlying 
clay  is  also  of  Cretaceous  age. 

Excavation  at  Cairo^  lU. — ^Definite  evidence  of  the  presence  of 
Upper  Cretaceous  strata  as  far  north  as  southern  Illinois  is  afforded 
by  a  fossil  shell  found  near  Cairo,  111.  The  following  data  are 
quoted  from  a  paper  by  the  senior  author:  ^ 

This  spedmen  was  discovered  In  an  excayation  for  a  bridge  pier  and  later 
came  into  the  possession  of  the  State  Museum  at  Springfield,  111.  Thence  it 
waa  sent  to  Dr.  C.  A.  White,  at  the  National  Museum,  Washington,  D.  C,  and 
was  identified  by  him  as  Exogyra  costata  Say.  Recently  the  specimen  was 
again  sent  to  Waslilngton  by  request  and  was  determined  by  the  writer  to  he 

^Stephenson,  L.  W.,  Tbe  Cretaceous  deposits  of  the  eastern  Gulf  region:  U.  8.  Geol. 
Surrey  Prof.  Paper  81,  p.  18,  1914. 
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a  typical  specimen  of  Exogyra  coatata  var.  canceUata  Stephenson.  The  infor- 
mation given  on  the  label  accompanying  the  specimen  is  as  follows :  ''  Specimen 
No.  8358  of  the  State  Natural  History  Museum,  Springfield,  IlL  Locality  : 
Bottom  of  Ohio  River;  found  in  sinking  a  caisson  for  Illinois  Central  RaQ. 
road  bridge  near  Cairo,  111."  The  shell  was  not  waterworn.  Portions  of  the 
matrix  in  which  the  shell  was  origimrily  embedded,  adhering  to  the  surface, 
consisted  of  fine,  gray,  calcareous,  argillaceous,  micaceous,  marine  sand. 
Although  from  the  account  of  its  discovery  it  can  not  be  positively  asserted  tliat 
this  specimen  of  Exogyra  was  in  its  original  position  in  marine  sand  Tvhere 
found,  the  assumption  that  it  was  in  place  seems  reasonable.  Whether  tills 
marine  sand  exists  as  a  lens  in  the  predominantly  shallow-wat»  beds  of  the 
McNairy  sand  member  [of  the  Ripley  formation]  or  constitutes  a  northward 
extension  of  the  stratigraphically  lower,  purely  marine  strata  of  the  Ripley 
formation  of  Tennessee,"  which  in  Kentucky  and  Illinois  have  become  overlapped 
and  buried  by  the  beds  of  the  McNairy  sand  member,  is  not  definitely  known. 
However,  on  the  assumption  that  the  specimen  belonged  in  place  where  found, 
the  Cretaceous  sea  is  shown  to  have  extended,  probably  as  a  broad,  open  embmj- 
ment,  as  far  north  as  Cairo. 

Tertiary  system. 

DISTRIBUTION. 

Within  the  area  here  treated  deposits  of  Tertiary  age  (Eocene) 
outcrop  in  Crowleys  Bidge,  in  the  upland  southwest  of  Arkansas 
River,  and,  interruptedly,  in  a  narrow  belt  along  the  western  border 
of  the  Mississippi  embayment  from  Little  Rock,  Pulaski  County,  at 
least  as  far  northeast  as  the  southern  part  of  Independence  County; 
if  the  scattered  deposits  of  gravel  which  occur  along  the  border  of 
the  Ozark  province  belong  to  the  Pliocene,  the  Tertiary  is  represented 
all  the  way  to  the  Arkansas  line.  Detailed  descriptions  of  nearly 
all  the  more  conspicuous  exposures  and  of  many  of  the  less  prominent 
ones  have  appeared  in  previous  publications.  It  is  not  the  purpose  of 
this  report  to  give  a  comprehensive  account  of  all  known  localities  of 
Tertiary  rocks  in  the  area,  but  those  furnishing  the  most  complete 
sequence  of  strata,  those  furnishing  paleontologic  data,  and  those 
which  for  other  reasons  are  of  especial  interest  will  be  described. 

The  Tertiary  is  represented  by  the  Eocene  series  and,  questionably, 
by  the  Pliocene  series. 

EOCENE  SERIES. 
rOBMATIOVS  DIFFE&BMTIATSD. 

The  Eocene  deposits  of  the  area  have  been  differentiated  only 
imperfectly,  chiefly  owing  to  lack  of  sufficient  paleontologic  data; 
however,  evidence  has  been  obtained  to  show  the  presence  of  strata 
representing  the  Midway,  Wilcox,  Claiborne,  and  Jackson  forma- 
tions. 

The  Midway  formation  outcrops  along  the  western  border  of  the 
Coastal  Plain  in  the  vicinity  of  Little  Rock,  Pulaski  County,  and 
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in  Lonoke,  White,  Jackson,  and  Independence  counties.  Undiflferen- 
tiated  strata  of  Eocene  age  outcrop*  in  an  elevated  area  in  the  north- 
western part  of  Lonoke  County. 

Strata  of  Eocene  age  outcrop  in  places  along  the  border  of  the 
Coastal  Plain  upland  southwest  of  Arkansas  Biver.  These  strata 
include  the  Midway  formation  in  Pulaski  County;  undifferentiated 
Eocene  strata  in  Pulaski,  Sabine,  Grant,  and  Jefferson  counties;  and 
the  Jackson  formation  in  Jefferson,  Cleveland,  and  Lincoln  counties. 

The  core  of  Crowleys  Eidge,  from  a  few  feet  to  100  feet  or  more 
above  the  level  of  the  lowlands  both  east  and  west,  is  composed  of 
irregularly  and  regularly  bedded  sands  and  clays,  interbedded  with 
subordinate  layers  and  lenses  of  lignite.  These  deposits  are  of 
Eocene  age  and  on  the  evidence  of  fossil  plants  and  invertebrates 
may  be  roughly  differentiated,  in  the  ascending  order  of  their  age, 
into  the  Wilcox  formation,  the  Claiborne  formation,  and  the  Jackson 
formation. 

By  combining  paleontologic  and  physical  criteria  an  attempt  has 
been  made  to  determine  the  areal  distribution  of  each  of  the  forma- 
tions named,  but  the  mapping  is  confessedly  only  an  approximation 
to  the  true  distribution. 

KIDWAT  FOBXATZOV. 
GENERAL   FEATUBE8. 

If  ante. — ^The  name  Midway  ^  was  first  used  by  Smith  and  Johnson 
in  1887  for  light-colored  argillaceous  limestone  with  projecting  ledges 
and  yellowish  sands,  exposed  at  Midway  Landing  and  on  Pine  Barren 
Creek  in  Wilcox  County,  Ala.,  and  traceable  westward  through  Wil- 

^The  principal  contrlbations  to  the  subject  of  the  Midway  formation  are  listed  below. 

Smith,  E.  A.,  and  Johnson,  L.  C,  Tertiary  and  Cretaceous  strata  of  the  Tuscaloosa, 
Tomblgbee,  and  Alabama  rivers :  V,  8.  Geol.  Survey  Bull.  43.  pp.  62-67,  70,  1887. 

Langdon,  D.  W.,  Geological  section  along  the  Chattahoochee  River  from  Columbus  to 
Alum  Bluff :  Georgia  Geol.  Survey  First  Report  Progress,  p.  95,  1891. 

— Variations  in  the  Cretaceous  and  Tertiary  strata  of  Alabama:  Geol.  Soc.  Amer- 
ica BnlL,  vol.  2,  pp.  594,  595,  1891. 

Spencer,  J.  W.,  Geological  report  on  southwest  Georgia:  Georgia  Geol.  Survey  First 
Report  Progress,  pp.  44-46,  1891. 

Harris,  G.  D.,  The  Tertiary  geology  of  southwestern  Arkansas :  Arkansas  Geol.  Ssrvey 
Ann.  Rept.  for  1892,  vol.  2,  pp.  8,  9,  22-54.  1894. 

The  Midway  stage:  Bull.  Am.  Paleontology,  vol.  1,  No.  4.  pp.  115-270  (1-156), 

1896. 

DaU,  W.  H.,  A  table  of  the  North  American  Tertiary  horizons,  correlated  with  one  an- 
other and  with  those  of  western  Europe,  with  annotations :  U.  S.  Geol.  Survey  Eighteenth 
Ann.  Rept.,  pt,  2,  p.  346,  1898. 

Harris,  G.  Dn  &nd  Veatch,  A.  C,  A  preliminary  report  on  the  geology  of  Louisiana: 
Louisiana  Geol.  Survey,  pt.  5,  pp.  63-73,  1899. 

Vaughan,  T.  W.,  The  Bocene  and  lower  Oligocene  coral  faunas  of  the  United  States: 
U.  8.  Oeol.  Survey  Mon.  39,  p.  25,  1900. 

Veatch,  Otto,  and  Stephenson,  L.  W.,  Tertiary  and  Quaternary  [Georgia]  :  Georgia  Geol. 
SDrvcy  Bull.  26,  pp.  216-226.  1911. 

Vaughan,  T.  W.,  Texas,  Louisiana,  and  Arkansas  [Eocene  of ]  :  U.  S.  Geol.  Survey  Prof. 
Ptper  71,  pp.  723-725.  1912. 
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CQZ  and  Marengo  counties  to  Tombigbee  Eiver.  The  terrane  as  thn 
defined  formed  the  basal  member  of  the  so-called  ^  Lignitic  ^  m 
rested  on  the  Cretaceous.  In  1894  Harris  redefined  the  application  o 
the  name,  making  it  include  all  the  beds  between  the  top  of  the  Ct9 
taceous  and  the  base  of  the  ^  Lignitic,^'  the  latter  name  being  m 
stricted  to  the  lignite  and  leaf -bearing  clays  and  sands.    He  says: 

The  term  **  Midway  series  "  was  used  by  Smith  and  Johnson  in  1S87  to  dcsif^ 
nate  a  calcareous  formation  lying  at  the  base  of  the  Bocene  of  Alabama,  and  w« 
classified  by  th^n  as  a  subdivision  of  the  "Lignitic**  (Eolignitic  of  HeiliffiD).] 
Owing,  however,  to  its  persistent  nature,  occurring.  Interruptedly  to  be  sure,  froa 
Georgia  to  western  Texas,  and  to  its  generally  marked  Uthological  and  paleoih 
tological  differences  from  the  remainder  of  "  Lignitic  '*  deposits,  it  seems  adTis- 
able  to  make  the  terms  of  coordinate  rank. 

In  a  footnote  he  adds : 

It  is  quite  probable  that  the  Black  Bluff  and  Matthews  Landing  beds  in  Ala- 
bama should  be  classed  in  the  Midway  stage. 

The  Flatwoods  clays  of  Hilgard  ^  in  Mississippi,  the  Porters  Creek 
group  of  Safford  *  in  Tennessee,  and  the  Middleton  formation  of  Sif- 
f ord  *  in  Tennessee,  Mississippi,  and  Alabama,  represent  parts  or  all 
of  the  Midway  formation. 

Areal  distribution. — ^In  Arkansas  the  Midway  formation  has  been 
traced  in  surface  outcrops  in  a  belt  a  few  miles  wide,  extending  frwn 
a  point  near  Bockport,  on  Ouachita  River  (west  of  Malvern),  in  Hot 
Springs  County,  northeastward  along  the  western  border  of  the  Gulf 
Coastal  Plain  to  Little  Rock,  Pulaski  County.  Northeast  of  Little 
Rock  the  formation  has  been  recognized  in  wells  and  in  outcrops  at 
the  following  places :  Questionably  in  a  well  at  Jacksonville,  Pulaski 
County;  in  wells  and  in  outcrops  at  and  near  Cabot,  Lonoke  County: 
questionably  in  a  well  at  Beebe,  White  County;  in  outcrops  in  an  area 
not  exceeding  one-half  mile  in  width,  extending  from  the  vicinity  of 
Bradford,  White  County,  to  Depart  Creek,  in  the  southern  part  of 
Independence  County. 

East  of  Mississippi  River  the  Midway  formation  outcrops  in  a  belt 
a  few  miles  wide  extending  from  central  Georgia  along  the  southern 
border  of  the  area  of  outcrop  of  the  Upper  Cretaceous  westward 
through  Alabama  and  northward  through  Mississippi  to  Hardeman 
County,  Tenn.  From  Hardeman  County  northward  through  Ten- 
nessee and  Kentucky  to  southern  Illinois  the  Midway  is  represented 
at  least  in  part  by  the  Porters  Creek  clay. 

^  Hilgard,  B.  W.,  Agriculture  and  geology  of  Mississippi,  1860,  pp.  110,  111 :  Am.  Afsoc. 
AdY.  Sci.  Proc.,  Yol.  20,  p.  222,  1871 ;  Am.  Jour.  Sci.,  3d  ser.,  yol.  2,  p.  381,  1871. 

*  Safford,  J.  M.,  The  Cretaceous  and  Superior  formations  of  west  Tennessee :  Am.  Jour. 
Sci..  2d  ser..  vol.  37,  pp.  368,  369,  1864. 

*  Safford,  J.  M.,  Notes  on  the  Middleton  formation  of  Tennessee,  Mississippi,  and  Ala- 
bama :  Qeol.  Soc.  America  Boll.,  vol.  8,  pp.  611,  512,  1891. 
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Stratigraphic  relations, — ^The  formation  in  Arkansas  rests  upon 
strata  of  Upper  Cretaceous  age,  except  immediately  along  the  western 
border  of  the  Mississippi  embayment,  where  the  beds  overlap  slightly 
on  the  Paleozoic  rocks.  This  relation  is  determined  on  the  evidence 
of  Cretaceous  fossils  found  in  wells  at  Beebe,  White  County ;  at  Cabot, 
Lonoke  County;  and  at  Little  Eock,  Pulaski  County;  and  on  the 
occurrence  of  strata  of  probable  Cretaceous  age  inunediately  beneath 
beds  of  undoubted  Midway  age  in  outcrops  at  Little  Rock.  The 
nature  of  the  contact  between  the  Cretaceous  and  the  Midway  forma- 
tion has  not  been  determined  by  observation,  but  from  paleontologic 
evidence  the  relation  may  be  inferred  to  be  that  of  nonconformity. 
The  same  marked  f  aunal  contrast  exists  here  between  the  Upper  Cre- 
taceous and  the  Midway  formation  as  exists  in  Alabama  between  the 
Ripley  formation  and  the  Midway  formation,  which  are  known  to  be 
separated  by  an  unconformity  of  regional  extent. 

Southwest  of  Arkansas  River  the  Midway  formation  is  overlain 
by  undifferentiated  strata  of  Eocene  age.  Northeast  of  Arkansas 
River,  along  the  western  border  of  the  Mississippi  embayment,  the 
formation  is  overlain  in  part  by  undifferentiated  strata  of  Eocene  age, 
in  part  by  deposits  of  questionable  Pliocene  age  (Lafayette  forma- 
tion), and  in  part  by  Quaternary  alluvial  deposits. 

Lithologic  characters. — ^The  formation  in  Arkansas  consists  of  gray, 
more  or  less  sandy  and  argillaceous  limestones,  some  layers  of  which 
are  crystalline,  interbedded  with  calcareous  sand  or  friable  sandstone 
and  marl.  Fossil  moUusks  and  shark  teeth  characterize  the  terrane, 
and  in  places  the  molluscan  remains  are  present  in  great  numbers, 
either  intact,  in  fragments,  or  as  casts  and  impressions. 

StrikCj  dip,  and  thickness. — The  strike  of  the  strata  composing  the 
Midway  formation  in  Arkansas  is  approximately  northeast-south- 
west, parallel  to  the  western  border  of  the  Mississippi  embayment. 
In  single  outcrops,  all  of  which  are  small,  the  beds  appear  to  be  nearly 
horizontal;  probably,  however,  they  dip  slightly  to  the  southeast 
at  right  angles  to  the  border  of  the  Ozark  province,  this  being  the 
general  attitude  of  the  Eocene  strata  of  the  embayment  with  respect 
to  the  bordering  Paleozoic  rim.  The  formation  doubtless  extends 
southeastward  beneath  the  younger  Eocene  and  the  Quaternary 
deposits  and  reaches  greater  depths  in  that  direction. 

The  maximum  observed  thickness  of  the  formation  in  the  area  is 
in  a  cut  of  the  St.  Louis,  Iron  Mountain  &  Southern  Railway,  one- 
fourth  mile  south  of  Grandglaise,  Lonoke  County,  where  22  feet  of 
strata  is  exposed. 

Physiographic  expression. — ^Where  exposed  in  White,  Lonoke,  and 
Independence  counties  the  formation  forms  the  base  of  a  more  or 
less  clearly  defined  terrace  or  ridge,  designated  the  Grandglaise  ter- 
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race,  the  crest  of  which  is  250  to  290  feet  above  sea  level,  or  40  to  80 
feet  above  the  level  of  the  lowland  to  the  east.  The  preservation  of 
this  erosion  remnant  is  due,  at  least  in  part,  to  the  relatively  resistant 
character  of  the  limestones  of  the  formation. 

Paleontologic  character. — ^The  formation  is  fossilif erous,  jrielding 
chiefly  moUusks,  although  shark  teeth  are  fairly  abundant  locally, 
and  occasional  fragments  of  crustaceans  and  echinoids  have  been 
found.  The  mollusks  vary  in  their  state  of  preservation  from  nearly 
perfect  specimens  to  traces  and  fragments  or  molds  and  casts. 

A  list  of  the  species  identified  from  the  formation  is  given  in  the 
discussion  of  correlation  on  page  53. 

lOCKL  DETAILS. 

Pulaski  County. — ^The  Midway  formation  is  exposed  at  numerous 
places  in  Little  Rock  and  from  Little  Rock  south  westward  through 
Pulaski  and  Saline  counties  nearly  to  Rockport  (west  of  Malvern) 
in  Hot  Springs  County ;  in  the  same  belt  the  formation  is  frequently 
reached  in  wells.  Harris  ^  has  compiled  the  available  data  on  this 
area,  including  the  results  of  his  own  observations.  The  most  com- 
plete section  given  by  him  is  on  Fourche  Creek  near  the  mouth  of 
Crooked  Creek,  8  or  9  miles  southwest  of  Little  Rock,  in  the  NW.  \ 
SW.  i  sec.  8,  T.  1  S.,  R.  13  W.  He  describes  the  locality  in  suV 
stance  as  follows: 

Section  on  Fourche  Creek,  near  the  mouth  of  Crooked  Creek,  Pulaski  CoHnty- 

Feet 
Soil 2 

YeUowish  and  gray,  more  or  less  friable  limestone;  replete 
with  EnclimatoceroB  ulrichi  varying  in  size;  the  exterior 
of  many  of  the  fossils  stained  brownish  by  iron  oxide li 

Light-gray  limestone  containing  innumerable  specimens  of 
Oatrea  pulaskensis  Harris 3 

Light-yellowish  and  gray,  somewhat  sandy  limestone,  honey- 
combed and  cavernous  on  weathered  surface;  at  base  re- 
plete with  specimens  of  TurriteUa  mortoni  Ck)nrad 8| 

Light-yellowish  calcareous  sandstone  forming  a  ledge 2i 

White  and  black  sand,  tinged  with  yellow  on  the  exterior, 
containing  scattered  blue  nodules 2 

Black  shale  exposed  only  at  times  of  very  low  water ? 

191+ 

»  Harris,  G.  D.,  The  Midway  stage :  Bull.  Am.  Paleontology,  vol.  1,  No.  4,  pp.  180-1S3 
(10-18),  1896. 
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Fossils  specifically  identified  from  this  locality  are: 
FosaiU  from  Fourche  Creek,  near  the  mouth  of  Crooked  Creek,  Pulaski  County. 


Cucnllffia  macrodonta  Whitfield. 
Ostrea  crenulimarginata  Gabb. 
Ostrea  pulaskensis  Harris. 
Veoericardia  planicosta  I^marclc. 
Calyptraphorus  velatua  Conrad. 
Natica  alabamiensls  Wliitfield. 
Turritella  mortonl  Conrad. 


Turrltella  multilira  WlUtfleld. 
Turritella  alabamiensls  Wliitfield. 
Potamides  alabamiensls  Whitfield. 
Tubulostiom  dickhauti  White. 
Enclimatoceras  ulrichi  White. 
Callianassa  ulrichi  White. 


Northeast  of  Little  Bock  the  formation  is  thought  to  have  been 
encountered  in  a  well  at  Jacksonville  located  on  the  property  of  A.  J. 
McBride  and  drilled  in  1904;  a  log  of  this  well  has  been  furnished  by 
the  owner  and  is  given  on  page  259.  The  limestone  penetrated  be- 
tween the  depths  70  and  82  feet  probably  belongs  to  the  Midway 
formation. 

Lonoke  County. — ^In  the  vicinity  of  Cabot,  Lonoke  County,  a  lime- 
stone belonging  to  the  Midway  formation  is  known  to  occur  at  the 
surface,  and  limestones  and  marl,  probably  belonging  in  part  to  this 
formation,  are  encountered  in  numerous  wells  and  cisterns.  How- 
ever, some  of  the  marls  penetrated  in  wells  have  been  shown  to  belong 
to  the  Upper  Cretaceous,  which  underlies  the  Midway.  (See  p. 
40.)    Logs  of  two  wells  at  Cabot  are  given  on  page  217. 

Harris^  gives  the  following  data: 

Farther  to  the  southwest,  in  Lonoke  Ck)unty,  the  Midway  stage  appears  in  the 
Ticinity  of  Cabot  A  specimen  of  more  or  less  friable  limestone  collected  by  the 
survey  is  fiUed  with  fragments  of  oyster  sheUs. 

On  the  line  between  sec.  18.  T.  4  N.,  R.  9  W.,  and  sec.  13,  T.  4  N.,  R.  10  W., 
midway  of  the  line  (station  2230),  Mr.  J.  A.  Taff  obtained  specimens  of: 
Ostrea  (young  shells). 
Turritella  mortonl  (cast). 
Shark  teeth  and  vertebrae. 
Fragment  of  light-gray  firm  limestone. 
Mr.  E.  O.  Buchanan  collected  at  T.  3  N.,  R.  11  W..  sec.  12,  NW.  i  of  SW.  i, 
about  600  feet  northwest  of  Henry's  store  (station  2444),  a  specimen  of  lime- 
stone closely  resembling  those  obtained  at  station  2436  [near  Bradford,  White 
County],  though  no  fossils  besides  Ostrea  are  determinable  in  it 

White  County. — ^At  Beebe,  White  County,  and  for  a  mile  or  so 
west  of  that  place,  marl  which  may  be  referable  in  part  to  the  Mid- 
way formation  is  struck  in  wells  at  depths  of  25  to  40  feet  Upper 
Cretaceous  fossils  have  been  recognized,  however,  in  specimens  of 
marl  from  this  place,  and  it  is  certain  that  the  Midway,  if  present,  is 
underlain  by  the  Cretaceous.     (See  p.  40.) 

1  Arkansas  Geol.  Survey  Ann.  Kept,  for  1892,  vol.  2,  pp.  25,  26.  1894. 
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Call  ^  has  published  a  section  constructed  by  ccmibining  a  section 
exposed  in  a  prospecting  shaft,  near  Beebe,  and  the  log  of  a  near-by 
well.   He  says: 

About  60  mUes  north  of  the  Arkansas  River  localities  Just  mentioned,  near 
the  village  of  Beebe,  in  White  County,  in  T.  5  N^  B,  8  W.,  SW.  i  of  SW.  J  of 
sec  5,  there  is  exhibited  a  very  instructive  section  in  a  shaft  sunk  to  reach 
Eocene  shell  marls  for  commercial  purposes.  The  locality  is  on  the  farm  of  Mr. 
Gyrus  Heller.  To  the  section  as  shown  in  the  shaft  there  is  added  the  record 
of  a  well  driven  a  few  hundred  feet  southwest  of  it  The  position  of  the  sectioo 
near  the  western  limit  of  the  Tertiary  area,  which  is  less  than  2  mUes  away, 
renders  it  of  excq;>tional  interest: 

The  section  given  by  Call  is  in  substance  as  follows: 

Combined  section  of  an  exposure  in  a  prospecting  shaft  near  Beebe  and  the 

log  of  a  near-by  toell. 


Thick- 


Dcptb. 


Hmnns 

Whitish  aandy  (^y,  sjading  downward  faito  rad  ct^y,  in  lower  halt,  scattarod  pebbles  of 

chert  havfaiff  a  nummmn  diameter  of  2  or  3  inches 

Hard  red,  finely  arenaceous  day. 


Light-colored  stratified  sandy  day  containing  an  abundance  of  n^te  chert  pebbles  and 

a  few  white  sandstone  pebbles 

Argillaceous  material  wim  comminuted  shell  fragments;  oontains  fragments  of  Denta- 


iTum,  specifically  undeterminable. 

Blue  ar^Uaceous  material,  with  scattered  pocl~ets  of  greensand,  containing  an  abun- 
dance of  broken  marine  shells  and  a  few  perfect  ones;  recognised  Venerteardia  plan^ 
CMfa  Lamarck,  TwriUtta  carinata  hei&  [f]. 


(Unoonibrmity). 
Soft  blue  shale  < 


of  Carbonlferotis  age;  stopped  drilling  on  hard  white  sandstone  . 


FeeL 
1 

FttL 

1 

10 
4 

11 

13 

^ 

1 

s 

35 

64 

47 

111 

The  marl  between  the  depths  29  and  64  feet  is  probably  separable 
into  two  parts,  the  upper  representing  the  Midway  formation,  from 
which  the  Tertiary  fossils  recognized  by  Call  were  taken,  and  tiie 
lower  representing  the  Upper  Cretaceous,  from  which  the  specimen  of 
marl  mentioned  by  Harris  (p.  40)  was  taken. 

In  the  northern  part  of  the  county,  near  the  town  of  Bradford,  on 
the  St.  Louis,  Iron  Mountain  &  Southern  Kailway,  limestone  of  the 
Midway  formation  appears  at  the  base  of  the  narrow  terrace  or  ridge 
known  as  the  Grandglaise  terrace.  Northward  from  Bradford  the 
first  outcrops  of  the  limestones  are  on  the  south  and  north  side  of  a 
small  creek  which  cuts  the  terrace,  and  from  this  place  northward 
through  Jackson  Coimty  to  the  southern  part  of  Independence 
County  there  are  numerous  outcrops  of  the  rocks.  The  formation 
consists  of  ledges  of  limestone  interbedded  with  gray  calcareous  un- 
consolidated sand. 

The  town  of  Bradford  is  imderlain  by  the  limestone  which  is  en- 
countered in  wells ;  in  a  well  on  the  property  of  W.  D.  Plant  the  rock 

iCall«  R.  E.,  The  geology  of  Crowleys  Ridge:  Arkansas  Oeol.  Survey  Ann.  Bept  for 
1889,  ToL  2,  pp.  14-17,  1891. 
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was  readied  at  a  depth  of  20  feet  and  extended  to  a  depth  of  40  feet, 
where  shale  of  Paleozoic  age  was  encountered. 
The  following  is  a  generalized  section  of  the  terrace  at  Bradford : 

Qeneralized  section  at  Bradford, 

Feet. 

Top  of  terrace  capped  with  gravel  (Lafayette  formation?). 

Red  calcareous  day  (Eocene) 5-10 

Gray  calcareous  clay  (Eocene) 5-20 

Layers  of  limestone  Interbedded  with  unconsolidated  sand 
(Midway  formation) 20± 

Thin  layer  of  gravel  consisting  of  pebbles  and  cobbles  of 
soft  brown  sandstone  which  range  in  size  up  to  6  or  8 
inches  in  diameter,  with  an  average  diameter  of  one-half 
to  1  inch ;  these  are  derived  from  roclcs  of  Paleozoic  age i-1 

Unconformity. 

Sandstone  and  shale  of  Paleozoic  age 1+ 

West  of  Bradford  the  Midway  formation  rests  against  the  Pale- 
ozoic rocks  along  a  steep  eastward-sloping  contact  which  probably 
represents  an  ancient  sea  cliff. 

Along  the  east  side  of  the  Grandglaise  terrace  at  Bradford  the 
alluvial  deposits  of  the  Advance  lowland  rest  unconf ormably  against 
the  Midway  strata;  here  also  the  contact  slopes  steeply  eastward 
and  represents  an  erosion  cliff  produced  by  the  meandering  of  Pleisto- 
cene and  Becent  streams  which  traversed  the  lowland. 

Harris^  gives  the  following  data  in  regard  to  exposures  near 
Bradford: 

At  an  old  limestone  quarry  by  the  side  of  the  railway,  If  miles  north  of 
Bradford,  specimens  of  TurriteUa  mortoni  composed  of  crystalline  calcite  are 
of  frequent  occurrence ;  an  indistinct  cast  of  a  cardium  was  also  noted  at  the 
last-named  locality. 

One^ighth  of  a  mile  nearer  Bradford,  perhaps  200  yards  west  of  the  raUway 
track,  many  bowlders  of  highly  crystalline  limestone  are  strewn  about  in  a 
field.  Besides  innumerable  fragments  of  molluscan  forms,  this  limestone 
incloses  rounded  pebbles  of  greenish  sandy  shale  with  major  diameters  in  some 
instances  of  no  less  than  2  inches.    The  recognizable  fossils  are : 

Ostrea  prse-compressirostra  Harris  [=0.  crenullmarginata  Gabb]. 

Venericardia  planicosta  Lamarck  (small). 

Psammobia  (large  and  ill  defined). 

Jackson  County. — ^The  Grandglaise  terrace  is  well  developed  in  the 
vicinity  of  Grandglaise,  Jackson  County,  although  at  most  places 
small  branch  valleys  partly  separate  the  terrace  from  the  Paleozoic 
rocks  to  the  west.    The  following  section  of  the  Midway  formation 

>  Arkansas  Geol.  Surrey  Ann.  Rept.  for  1892.  vol.  2.  p.  25,  1894. 
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is  exposed  in  a  cut  of  the  St.  Louis,  Iron  Mountain  &  Southern  Bail- 
way  one-fourth  mile  southwest  of  the  station  (see  PL  V,  -1) : 

Section  in  a  cut  of  the  St.  Louis,  Iron  Mountain  d  Soutliem  Railway  one-qmria 
mile  south  of  Qrandglaise. 

Feet 
Top  of  hin  and  slope  covered  with  brownish  sandy  loam 

and  overgrown  with  vegetation 25 

Midway  formation: 

2.  Limestone  in  layers  1  to  1}  feet  thick,  interbedded  with 

thinner  layers  of  soft  gray  calcareous  sand;  the 
Umestone  contains  small  greenish  pebbles  of  sand- 
stone which  are  particularly  abundant  in  layers  5  to 
8  feet  above  the  base;  the  upper  and  lower  surfaces 
of  the  limestone  layers  present  numerous  rounded 
and  irregular  concretionary  projections  which  extend 
upward  and  downward  into  the  intervening  layers  of 
sand ;  the  limestones  contain  an  abundance  of  imper- 
fectly preserved  fossil  remains,  among  which  T.  W. 
Vaughan  has  identified  the  following:  Belanophyllla 
sp.,  TomateUwa  bella  Conrad,  Turritella  mortoni 
Conrad,  and  Mesalia  pumila  (Gabb)  (field  No. 
272) 22 

1.  Concealed  to  the  level  of  the  Advance  lowland 10 

57 

The  following  is  another  section  exposed  about  one-half  mile 
southwest  of  Grandglaise ;  the  part  of  the  section  above  the  limestwie 
is  obscured  by  weathering  and  is  difficult  to  interpret : 

Section  exposed  in  a  south-facing  slope  and  railroad  cutting  just  west  of  t\e 
St.  Louis,  Iron  Mountain  d  Southern  Railtoay,  about  one-half  mile  south  oj 
Orandglaise, 

Pleistocene  (loess?) :  F«et 

6.  Slope  concealed  by  vegetation . 10 

5.  Reddish  massive,  finely  arenaceous  and  argillaceous 
loam  resembling  loess  in  texture;  appears  to  grade 
downward  into  the  next  layer 12 

Pliocene  (?)  (Lafayette formation) : 

4.  Red  ferruginous  argillaceous  pebbly  sand  becoming 
very  pebbly  in  the  basal  1  to  2  feet ;  the  pebbles  con- 
sist of  greenish  sandstone  and  chert  not  exceeding 
2  or  3  inches  in  diameter  and  not  averaging  over 
one-half  inch  in  diameter 6 

Eocene  (?)  (Midway  formation?) : 

3.  Massive  greenish-gray   fine  sand,  oxidized  to  red   in 

upper  portion 8 

Eocene  {Midway  formation) : 

2.  Limestone  interbedded  with  sand,  corresponding  to  the 

limestone  described  in  the  preceding  section 6 

1.  Ck)ncealed  to  the  level  of  the  Advance  lowland 10 

50 
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WATER-SUPPLY  PAPER  899      PLATE  V 


A.  PEBBLY  LIMESTONE  WITH  INTERBEDDED  LAYERS  OF  CALCAREOUS  SAND  BELONGING  TO 
THE  MIDWAY  FORMATION,  ON  THE  ST.  LOUIS,  IRON  MOUNTAIN  Ic  SOUTHERN  RAILWAY  A 
QUARTER  OF  A  MILE  SOUTH  OF  GRANDGLAISE,  JACKSON  COUNTY. 


B,  SANDS.  CLAYS,  AND  LIGNITES  OF  THE  WILCOX  FORMATION  ON  BOLIVAR  CREEK  NEAR  ITS 
POINT  OF  EMERGENCE  FROM  CROWLEYS  RIDGE,  3^  MILES  NORTH  OF  HARRISBURG.  POIN- 
SETT COUNTY. 
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Exposures  of  limestone  of  the  Midway  formation,  ranging  from 
poor  to  fair,  were  observed  along  the  eastward-facing  slope  of  the 
Grandglaise  terrace  for  a  distance  of  about  2^  miles  southwest  of 
Grandglaise. 

About  one-half  mile  west  of  Grandglaise  there  is  a  poor  exposure 
of  limestone  belonging  to  the  Midway  formation  at  the  foot  of  the 
northwest-facing  slope  of  a  small  branch  valley  which  partially 
separates  the  ridge  from  the  Paleozoic  hills  to  the  west. 

Harris  ^  gives  the  following  data  regarding  two  localities  south  of 
Grandglaise  in  Jackson  County: 

Going  southward  toward  Bradford  the  limestone  ledges  become  more  and 
more  fossiliferous.  Dr.  J.  C.  Branner,  in  1887,  collected  specimens  from  two 
points  in  this  vicinity,  giving  as  localities  "Between  2  and  3  miles  north  of 
Bradford  on  the  Iron  Mountain  Railway,"  and  "  Two  miles  north  of  Bradford 
on  the  Iron  Mountain  ^aUway."  The  former  (station  2223,  U.  S.  National 
Museum  register)  consist  of  light-gray  limestone  fragments  holding  on  their 
ferruginated  exterior  numerous  specimens  of  Turritella  tnortoni  (composed  of 
calcite)  and  coral. 
At  the  latter  locality  (station  2229)  the  following  forms  were  recognized : 

Ostrea  sp.  (young). 

Oytherea  sp.  (a  cast). 

Turritella  mortoni  Conrad. 

Independence  County. — ^The  Midway  formation  extends  from 
Jackson  County  northward  into  the  southern  part  of  Independence 
County.    Harris  ^  says : 

In  Arkansas  the  Midway  stage  forms  a  low,  terrace-like  elevation  on  the 
northeast  flank  of  the  Paleozoic  upland  just  to  the  south  and  southwest  of 
Bayou  Departe,  Independence  County. 

CORRELATION. 

The  fossils  of  the  terrane  have  been  studied  chiefly  by  Harris* 
and  also  by  T.  Wayland  Vaughan.  They  have  identified  the  follow- 
ing species: 

Fossils  from  the  Midway  formation  of  Arkansas, 


Belanophyllia  sp.  (identified  by 

Vaughan). 
Cucull«ea  macrodonta  Whitfield. 
Ostrea  erenulimarginata  Gabb. 
Ostrea  pulaskensis  Harris. 
Pecten  alabamiensis  Aldrich. 
Venericardia  planicosta  Lamarck. 
Calyptraphorus  velatus  (Conrad). 
TornateUa  bella  Conrad  (identified  by 

Vaughan). 
Natica  alabamiensis  Whitfield. 


Turritella  alabamiensis  Whitfield. 
Turritella  mortoni  Conrad. 
Turritella  multilira  Whitfield. 
Mesalia  pumila  (Gabb)   (identified  by 

Vaughan). 
Potamides  alabamiensis  Whitfield. 
Tubulostium  dickhauti  White. 
Volutin thes  limopsis  Conrad? 
Volutilithes  petrosa  (Conrad)  ? 
Enclimatoceras  ulrichi  White. 
Calianassa  ulrichi  White. 


^Arkansas  Geol.  Survey  Ann.  Rept.  for  1892,  vol.  2,  pp.  24,  25,  1894. 
<  Idem,  p.  24. 
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Harris,  on  the  evidence  of  the  species  identified  by  him,  has 
correlated  the  formation  in  Arkansas  with  the  Midway  formation  of 
Alabama. 

Of  the  fossils  from  the  section  one-quarter  mile  southwest  of 
Grandglaise  (p.  52)  Vaughan  states: 

The  species  are  all  known  to  occur  in  both  the  Midway  and  the  oyerifios 
Wilcox,  but  Mesalia  pumila  Gabb  does  not  range  above  the  basal  WUcox;  the 
collection  offers  no  evidence  opposed  to  the  correlation  of  Harris. 

wiLOOx  romiEATiov. 

OBNEBAL  FEATUBE8. 

Name. — ^The  name  Wilcox  is  derived  from  Wilcox  County,  Alt, 
and  was  proposed  by  A.  F.  Crider*  in  1906  for  850  feet  of  "highly 
stratified,  siliceous  sands,  laminated  clays  of  various  colors  inter- 
stratified  in  places  with  beds  of  lignite,  and  lignitic  clays,"  inter 
posed  between  the  Midway  group  below  and  the  Claiborne  group 
above. 

Other  terms  which  have  been  applied  to  the  formation  defined 
by  Crider  are  "  Northern  Lignitic  group,"  *  which  is  objectionable 

^  Geology  and  mineral  resources  of  Mississippi :  U.  8.  Geol.  Surrey  Bull.  283,  pp.  25-:^ 
1906. 

s  Literature  on  the  *'  Lignitic  group  '* : 

Safford,  James  M.,  Geological  reconnaissance  of  the  State  of  Tennessee :  First  repo^ 
pp.  162-163,  1856. 

Hilgard,  E.  W.,  A  report  on  the  geology  and  agriculture  of  the  State  of  MlsilHlppt 
pp.  110-128,  1860. 

Hilgard,  E.  W.,  On  the  Tertiary  formations  of  Mississippi  and  Alabama  :  Am.  Jour.  8d, 
2d  ser.,  vol.  43.  pp.  34-39,  1867. 

Hilgard,  E.  W.,  Geological  history  of  the  Gulf  of  Mexico :  Am.  Jour.  ScL,  3d  ser..  toL  1 
pp.  394-396,  1871. 

Smith,  E.  A..  Summary  of  the  lithological  and  stratigraphical  features  and  subdlTiskw 
of  the  Tertiary  of  Alabama :  Introduction  to  Alabama  GeoL  Surrey  BulL  1,  pp.  1<^I^ 
1886. 

Smith,  E.  A.,  and  Johnson,  L.  C,  On  the  Tertiary  and  Cretaceous  strata  of  the  Tnict^ 
loosa,  Tombigbee,  and  Alabama  rivers :  U.  B.  Geol.  Survey  Bull.  43,  pp.  18,  38-67,  18S7. 

Loughridge,  B.  H.,  Report  on  the  geological  and  economic  features  of  the  Jacksoo  P«^ 
chase  region :  Kentucky  Geol.  Survey,  pp.  41-52,  1888. 

Spencer,  J.  W.,  Geological  report  on  southwest  Georgia :  Georgia  Geol.  Survey  f^ 
Rept.  progress,  p.  43,  1891. 

McGee,  W  J,  The  Lafayette  formation :  U.  S.  Geol.  Survey  Twelfth  Ann.  Bept.,  pt.  ^ 
pp.  415-418,  1891. 

Clark,  W.  B.,  Correlation  papers — Eocene :  U.  S.  Geol.  Survey  Bull.  83,  173  pp..  1891. 

Harris,  G.  D.,  The  Tertiary  geology  of  southern  Arkansas :  Arkansas  Geol.  Survey  ^ 
Rept.,  1892,  vol.  2,  pp.  55-86,  1894. 

Smith,  E.  A.,  Phosphates  and  marls  of  Alabama :  Alabama  Geol.  Survey  Bull.  %  f9 
47-50,  1892. 

Smith,  E.  A.,  Langdon,  D.  W.,  and  Johnson.  L.  C,  On  the  geology  of  the  Coastal  PUii 
of  Alabama :  Alabama  Geol.  Survey  Bull.,  pt  1,  pp.  147-192,  198-202.  488-491,  1894. 

Vaughan.  T.  Wayland,  The  stratigraphy  of  northwestern  Louisiana :  Am.  Geologist,  rd 
16,  p.  209,  1895. 

Harris,  G.  D..  The  lignitic  sUge :  Bull.  Am.  Paleontology,  vol.  2,  No.  9.  pp.  1-36,  l^ 

Harris,  G.  D^  and  Veatch,  A.  C,  A  preliminary  report  on  the  geology  of  Looisiu* 
LouisUna  Geol.  Survey,  pt.  5.  pp.  64-73,  1899. 
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because  it  is  a  lithologic  and  not  a  geographic  term;  Lagrange/  a 
term  of  broader  significance  than  Wilcox^  as  it  is  known  to  include 
strata  of  Wilcox,  Claiborne,  and  probably  Jackson  age;  and  "  Chick- 
asawan  formation,"  ^  also  a  term  of  broader  significance  than  Wilcox. 
The  extension  of  the  Wilcox  formation  into  Georgia  has  been  de- 
scribed by  Veatch  and  Stephenson.* 

A  simunary  statement  regarding  the  occurrence  of  the  Wilcox 
formation  in  southwest  Arkansas,  Louisiana,  and  Texas  has  been 
given  by  Vaughan.* 

Aredl  distribution. — The  Wilcox  formation  outcrops  in  the  basal 
portion  of  the  east  and  west  slopes  of  Crowleys  Eidge  and  in  the 
valley  slopes  of  the  larger  streams  cutting  the  ridge,  from  the 
vicinity  of  Harrisburg,  Poinsett  County,  northward  through  Ar- 
kansas and  Missouri  to  the  northern  extremity  of  the  ridge  in  Stod- 
dard County,  Mo.  East  of  Mississippi  River  the  formation  out- 
crops in  a  belt  extending  from  west-central  Georgia  westward  through 
Alabama  and  northward  through  Mississippi,  Tennessee,  and  Ken- 
tucky to  southern  Illinois.  From  northern  Mississippi  northward  the 
formation  has  not  been  accurately  differentiated  from  the  overlying 
deposits  of  Claiborne  and  Jackson  age,  all  of  which  are  included  in 
the  Lagrange  formation. 

Stratigraphdc  relations. — ^The  basal  portion  of  the  formation  in 
Arkansas  does  not  appear  at  the  surface,  and  for  this  reason  its 
relations  to  underlying  older  formations  have  not  been  observed. 
However,  from  general  considerations  it  is  believed  that  the  forma- 
tion rests  upon  either  older  Eocene  strata  corresponding  in  age  to  the 
Midway  formation  or,  if  these  are  absent,  upon  strata  of  Upper 
Cretaceous  age.  At  the  northern  extremity  of  Crowleys  Ridge 
the  terrane  laps  over  upon  rocks  of  Paleozoic  age.  Toward  the 
southern  limit  of  its  areal  extent  in  Crowleys  Ridge  the  formation  is 
overlain,  probably  unconf ormably,  by  the  Claiborne  formation. 

Throughout  its  extent  in  Crowleys  Ridge  the  formation  is  overlain 
^conformably  by  irregularly  bedded  sands  and  gravels  belonging  to 
the  Lafayette  formation  (Pliocene?),  or  by  disturbed  materials  de- 
rived from  the  Lafayette  formation  and  the  loess,  which  have  found 
their,  way  down  over  the  slopes  of  the  ridge  by  either  redeposition, 
creep,  or  landslide. 

Lithologic  characters. — ^The  formation  in  Crowleys  Ridge  is  com- 
posed of  irregularly  bedded  sands,  locally  indurated  to  sandstones 

^Safford.  J.  M.,  Geology  of  Tennessee,  pp.  424-426,  Nashville,  1869. 

'I>aH,  w.  H.,  A  table  of  the  North  American  Tertiary  horizons,  correlated  with  one  an* 
<>ther  and  with  those  of  western  Europe :  U.  S.  Oeol.  Survey  Eighteenth  Ann.  Kept.,  pt.  2, 
pp.  344-346,  1898. 

*  Veatch,  Otto,  and  Stephenson,  L.  W.,  Tertiary  and  Quaternary  [Georgia]  :  Georgia 
Geol.  Survey  Bull.  26,  pp.  226-235. 

*Vaughan»  T.  W.,  U.  S.  Geol.  Survey  Prof  Paper  71,  pp.  725,  726,  1912. 
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and  quartzites,  and  irregularly  bedded  clays,  with  interbedded  layers 
of  lignite.  From  Jonesboro  northward  there  are  no  exposures  show- 
ing the  complete  sequence  of  strata  composing  the  ridge,  but  from 
numerous  small  exposures  examined  in  the  area  it  seems  apparent 
that  the  heavier  beds  of  clay  all  occur  at  the  base  of  the  ridge  and  that 
beds  of  sand  predominate  above  the  clays.  The  clays  vary  in  color 
from  almost  white  to  very  dark,  are  lignitic  in  places,  and  in  places 
are  interbedded  with  layers  of  fairly  pure  lignite.  Silicified  stumps 
and  logs  have  been  observed  in  clay  at  one  locality  in  the  nortiiern 
part  of  Greene  County  (p.  58). 

The  sands  where  unweathered  are  light  in  color,  but  on  weathered 
surfaces  are  varicolc^i'ed,  presenting  many  shades  between  white  and 
dark  red  or  brown.  Locally  the  sands  have  been  indurated  to  saad- 
stones,  ranging  in  hardness  from  very  soft  rock  to  extremely  hard 
quartzites.  These  rocks  are  exposed  principally  along  the  west  slope 
of  the  ridge  from  Craighead  County  northeastward  to  the  southern 
part  of  Clay  County.  The  distribution  of  the  quartzites  in  Arkansas 
is  discussed  in  detail  by  Call.*  (See  also  p.  61  of  this  report.)  Mar- 
but  ^  has  described  similar  quartzites  near  the  northern  extremity  of 
the  ridge  in  Stoddard  County,  Mo. 

As  shown  by  the  Bolivar  Creek  exposure,  3^  miles  north  of  Harris- 
burg  (p.  62),  the  sands  in  the  upper  part  of  the  formation  become 
finer  and  more  argillaceous  than  those  at  lower  levels. 

Strike^  dipj  and  thickness. — Owing  to  the  irregular  bedding  of 
the  deposits  composing  the  formation  and  also  to  the  paucity  of  ex- 
posures, the  strike  of  the  strata  can  not  be  determined  by  observa- 
tion ;  it  is  inferred,  however,  from  the  general  structure  of  the  em- 
bayment  that  the  beds  strike  about  northeast-southwest  and  dip  to  the 
southeast  at  the  rate  of  a  few  feet  per  mile. 

No  data  are  available  for  determining  the  thickness  of  the  terrane. 
In  Mississippi  the  thickness  was  estimated  by  Crider  to  be  850  feet 
Wells  at  Jonesboro,  Craighead  Coimty,  Ark.  (1,265  feet  deep),  and 
at  Campbell,  Dunklin  County,  Mo.  (960  feet  deep),  probably  passed 
entirely  through  the  formation  and  entered  underlying  older  forma- 
tions, but  the  information  furnished  by  the  wells  is  not  sufficient  to 
determine  the  position  of  the  contact.  Probably  the  thickness  is  not 
less  than  500  feet  nor  greater  than  1,000  feet. 

Physiographic  expression. — From  Poinsett  County  northward  the 
formation  makes  up  the  basal  portion  of  Crowleys  Ridge,  and  the 
steep  and  rugged  character  of  the  western  side  of  the  ridge  is  due,  at 

1  Call,  R.  B.,  The  geology  of  Crowleys  Ridge :  Arkansas  Geol.  Survey  Ann.  Bept.  tot 
1889,  vol.  2.  pp.  90-102,  1891. 

'Marbut,  C.  F.,  The  evolution  of  the  northern  part  of  the  lowlands  of  soutbeasten 
Missouri :  Missouri  Univ.  Studies,  vol.  1,  No.  8,  p.  20,  1902. 
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least  in  part,  to  the  interbedded  masses  of  quartzite  and  the  heavy 
beds  of  clay  which  outcrop  in  places  along  the  lower  slopes.  The 
existence  of  this  part  of  the  ridge  is  doubtless  due  to  the  resistance 
offered  by  the  Wilcox  strata  to  the  meandering  and  actively  eroding 
rivers  of  Pleistocene  and  Recent  times.  The  present  detailed  sur- 
face features  of  the  ridge,  however,  are  determined  mainly  by  the 
younger  Lafayette  formation  and  the  loess  which  cap  and  blanket  the 
greater  part  of  the  crest  and  slopes. 

Paleontologic  character. — ^The  formation  has  yielded  fossil  leaves  at 
three  localities  (see  pp.  58,  59,  62)  ;  at  the  two  more  northerly  locali- 
ties the  fossils  exist  as  poor  to  well-preserved  impressions  in  soft  sand- 
stone. At  the  Bolivar  Creek  locality  (p.  62)  leaf  impressions  and 
lignitized  leaves  are  contained  in  chocolate-colored  clays.  Lignite 
is  common  in  the  formation,  and  a  few  beds  of  lignite  a  few  inches  to 
5  feet  in  thickness  have  been  observed  or  have  been  penetrated  in 
wells  in  the  area.  In  places  the  quartzites  and  sandstones  of  the 
formation  are  perforated  with  small  cavities  believed  to  be  the 
impressions  of  rootlets.  Silicified  stumps  of  trees  and  logs  have  been 
observed  in  clay  at  one  place  (p.  58).  A  list  of  the  species  of  fossil 
plants  found  in  the  formation  is  given  on  page  63  of  this  report. 

LOCAL  DETAILS. 

Missouri. — ^Marbut^  has  described  clays  (or  shales)  and  sands, 
probably  belonging  to  the  Wilcox  formation,  which  constitute  the 
basal  portion  of  Crowleys  Ridge  in  its  northern  extension  in  Mis- 
souri. The  clays  where  observed  outcrop  in  the  base  of  the  ridge 
and  range  in  color  from  gray  to  black.  They  are  overlain  by  irregu- 
larly bedded  sands,  which  are  locally  indurated  to  sandstones  and 
quartzites. 

Clay  County. — ^The  most  northerly  exposure  of  the  forma- 
tion in  Arkansas,  and  probably  the  lowest  one  stratigraphically,  is 
at  Chalk  Bluff,  on  St.  Francis  River,  in  the  northeastern  part  of 
Clay  County.    Call  *  describes  this  bluff  as  follows : 

The  summit  Is  crowned  with  fine  gravel  and  coarse  sands.  The  sands  are 
all  variegated,  more  or  less  Indurated,  false  bedded  where  seen  in  good  section, 
nnd  are  separated  by  thin  strata  of  white  and  drab  pipe  clays  into  two  or  three 
beds  of  variable  thickness.  In  places  on  the  steeper  and  barren  hillsides  this 
clay  is  washed  over  the  face  of  the  hills  and  gives  to  them  a  white  appearance, 
which  doubtless  gave  the  place  the  name  of  Chalk  Bluff.  Along  the  river  front 
and  in  the  deeper  ravines  of  the  east  face  of  the  bluff  are  the  regularly  strati- 
fied bluish  and  drab-colored  clays  of  Tertiary  age,  containing  a  few  fragments 

^Marbtit,  C.  F^  The  evolntion  of  the  northern  part  of  the  lowlands  of  southeastern 
Missouri :  Missouri  Univ.  Studies,  vol.  1,  No.  3,  pp.  21-27,  1902. 

'Call,  R.  E.,  The  geology  of  Crowleys  Ridge:  Arkansas  Geol.  Survey  Ann.  Rept  for 
1SS9,  Tol.  2,  p.  115.  1891. 
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of  lignite.  No  fossils  of  any  sort  were  to  *be  found.  Erosion  has  been  great 
enough  to  expose  these  clays  along  the  river  banks  and  to  a  height  of  35  to  40 
feet  in  the  deep  ravines. 

A  small  exposure  of  fossiliferous  sandstone  on  the  west-facing 
slope  of  Crowleys  Bidge,  3  or  4  miles  southwest  of  Boydsville,  Clay 
County,  is  of  much  geologic  interest.  The  outcrop  is  in  the  woods  at 
the  head  of  a  small  ravine  about  100  yards  west  of  the  old  Boydsville- 
Gainesville  road  and  about  one-fourth  mile  southwest  of  the  point 
where  the  road  crosses  a  small  branch,  the  valley  of  which  is  cut 
down  almost  to  the  level  of  the  lowland  to  the  west  The  exposure 
is  inconspicuous,  and  anyone  seeking  the  place  should  search  along 
the  slope  from  the  branch  just  mentioned  southward,  following  up 
each  small  ravine  until  he  finds  the  outcrop. 

The  material  consists  of  about  6  feet  of  soft,  friable,  stratified 
sandstone,  splitting  fairly  well  along  the  bedding  planes  and  con- 
taining an  abimdance  of  well-preserved  leaf  impressions.  The  base 
of  the  exposure  is  20  or  25  feet  above  the  level  ot  the  lowland  west 
of  Crowleys  Bidge  and  about  80  feet  lower  than  the  highest  point 
of  the  road  immediately  to  the  east 

The  locality  was  visited  by  E.  W.  Berry  and  the  senior  author,  and 
the  following  species,  identified  by  Mr.  Berry,  were  collected : 

Fo89U  plants  from  Crowleys  Ridge,  $  or  4  miles  southwest  of  BoydsviUe,  Clay 

County, 

Anemia  eocenica  Berry/ 
Banlcsia  tenuifolia  Berry/ 
Dryophyllum  tennesseensis  Berry.* 
Nectranda  lowei  Berry.* 

Mr.  Berry  states  that  these  species  are  all  common  in  the  Wilcox 
formation  of  the  eastern  Gulf  region. 

Greene  County. — Silicified  stumps  and  logs  of  trees  in  clay  of  the 
Wilcox  formation  in  the  SW.  i  SW.  i  sec.  35,  T.  19  N.,  R.  6  E.,  have 
been  described  by  Call.*  This  locality  is  on  the  west  slope  of  the 
ridge  near  the  valley  of  Cache  River,  6  or  7  miles  north  of  Gaines- 
ville.   Call  says: 

A  hill  of  Tertiary  blue  clay  rises  about  40  feet  above  the  bottomlands  at  this 
place.  In  cross  section  these  clays  are  regularly  and  horizontally  stratified^ 
with  little  or  no  sand.  Imbedded  in  this  clay  near  the  summit  of  the  hill  is 
a  large  stump  of  silicified  wood,  in  place  as  it  grew,  with  all  its  roots  still 
imbedded  and  ramifying  in  every  direction.  Some  50  feet  away,  and  at  a 
point  a  little  lower,  occurs  another  stump,  similarly  disposed,  and  near  at  hand 
are  two  or  three  silicified  logs.  In  the  banks  of  a  small  stream  about  300  feet 
south  are  many  fragments  of  silicified  woods,  some  of  which  are  very  large. 
The  largest  of  these  stumps  has  a  diameter  of  4  feet,  and  some  of  the  logs  are 

1  For  description  of  this  new  species  see  Berry,  E.  W.,  The  lower  Bocene  floras  of  sooth- 
eastern  North  America :  U.  8.  GeoL  Sorrey  Prof.  Paper  91  (in  press). 
•Call,  B.  E.»  op.  cit.»  p.  102. 
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scarcely  smaller.  The  complete  erosion  of  the  overlying  Pleistocene  and  the 
upper  members  of  the  Tertiary  sands  leaves  this  hill  a  singular  feature  of  the 
ridge.  Nothing  like  it  has  been  seen  elsewhere.  A  thin  soil  covers  the  clays, 
and  this  snpports  a  stunted  growth  of  oaks.  Samples  of  this  wood  were  ex- 
amined by  Prof.  Knowlton  and  were  found  to  represent  a  new  species,  to  which 
he  has  given  the  name  CupressinoxyUm  caUi. 

An  exposure  of  lignite  in  the  Wilcox  formation  not  far  from  the 
preceding  is  described  by  Call  *  as  follows: 

In  sec.  36,  T.  19  N.,  R.  6  E.  [R.  5  E.  (?)],  in  a  small  stream  which  is  but  a 
few  feet  above  the  general  level  of  the  Cache  bottoms,  is  an  outcrop  of  lignite 
about  3  feet  in  thickness.  The  outcrop  is  in  the  base  of  the  hill  and  the  bed 
disappears  beneath  the  surface  of  the  water.  It  is  quite  black  when  wet,  but 
dries  to  a  brownish  black.  It  crumbles  into  small  fragments  on  exposure  to 
the  air.  Above  it  are  about  15  feet  of  Tertiary  clays,  and  above  these  the  usual 
Orange  sands  [Wilcox].  A  short  distance  down  the  stream  it  is  underlain  by 
a  bed  of  light-drab  fire  clay. 

Another  exposure  of  fossiliferous  rock  similar  to  the  Boydsville 
locality  is  near  Hardys  Mill,  3  or  4  miles  west  of  Gainesville,  Greene 
Comity,  in  sec  30,  T.  18  N.,  R.  6  E.  Call*  describes  this  locality 
as  follows : 

It  is  about  one-half  mile  from  Hardys  MiU  and  on  the  face  of  a  steep  hill 
fronting  west.  The  outcrop  is  a  coarse  sandstone,  capped  by  a  compact,  fine- 
grained, very  liard  sandstone  containing  numerous  casts  and  impressions  of 
v^etable  origin.  While  there  is  a  rude  resemblance  to  certain  forms  of  water 
plants  in  the  character  and  arrangement  of  these  remains,  there  is  not  left 
suflicient  structure  on  which  to  base  an  opinion  as  to  their  real  affinities.  But 
below  this  siliceous  layer  there  is  a  heavy  layer  of  sandstone  of  coarser 
texture,  and  not  so  much  metamorphosed,  in  which  occur  numerous  remains 
of  fossil  plants.  Those  remains  are  mainly  in  the  form  of  impressions  of  leaves 
of  dicotyledonous  plants. 

Call  collected  specimens  of  fossil  plants  from  this  locality  and 
sent  them  to  the  U.  S.  National  Museum.  The  collection  was  re- 
cently examined  by  E.  W.  Berry,  who  identified  the  following  species : 

FosHl  plants  from  near  Hardys  MUl,  Oreene  County. 


Ficus  vaughani  Berry.* 
Pteris  eolignitica  Berry.* 


Aralia  notata  Lesquereux. 
OInnamomum  postnewberryi  Berry.* 
Ficus  eolignitica  Berry.* 

Berry  states  that  one  of  the  forms  enumerated  occurs  in  the  Fort 
Union  formation  of  the  western  interior  and  that  the  remainder  are 
common  in  the  Wilcox  formation  of  the  eastern  Gulf  region. 

*Call,B.  B.,  op.  clt,  p.  103. 
■Idem,  pp.  95,  96. 

*  Por  description  of  this  new  ipecies  see  Berry,  B.  W.,  The  lower  Eocene  floras  of  south- 
^Mteni  North  America :  U.  &  Geol.  Survey  Prof.  Paper  91  (in  press). 
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Another  section  described  by  Call  *  in  sec.  30,  T.  18  N.,  R.  5  E.,  is 
about  one-half  mile  distant  from  the  Hardys  Mill  locality  and  is 
known  as  the  Lovelady  Place.  The  section,  which  reveals  both  days 
and  sands  of  the  Wilcox  formation,  is  as  follows: 

Section  at  the  Lovelady  Place,  Qreene  County. 

Feet 
4.  Light-colored   thin   soil,    with   much   chert,    supporting   a 

heavy  growth  of  pines 2 

3.  Hard  coarse  sandstone,  identical  with  that  at  Hardys  Mm ; 

weathering  greenish,  softer  below,  regularly  stratified—    10 
2.  Soft  cross-bedded  particolored  sands,   red  predominating, 

with   numerous   irregular  patches  of  pure-white   sand ; 

becomes  argillaceous  toward  base 20 

1.  Clay,  sandy  at  top,  less  sandy  below,  light  drab  in  color, 

becoming  darker  below  and  ending  in  a  bed  of  lignite; 

the  whole  is  regularly  and  horizontally  stratified 25 

"~57 

Layers  1, 2,  and  3  of  the  sectidn  belong  to  the  Wilcox  f  ormiition. 

On  Poplar  Creek,  in  Greene  Comity,  is  an  exposure  described  by 
Cal V  which  shows  a  ferruginous  phase  of  the  Wilcox  and  also  the  re- 
lation of  this  formation  to  the  overlying  Lafayette.  The  section  is 
as  follows: 

Section  on  Poplar  Creek,  Qreene  County, 

[NW.  I  sec.  10.  T.  16  N,.  E.  4  B.] 

Pliocene  (?)  (Lafayette formation ) :  Feet 

4.  Light-colored  sandy  humus  with  a  few  pebbles 3 

3.  Gravel  with  subordinate  lenses  of  clay;  much  coarse 

sand  is  distributed  throughout  the  gravel 10 

2.  Gravel  and  sand  indurated  to  a  conglomerate 1 

Ek)cene  (Wilcox  formation) : 

1.  Cross-bedded,  variegated,  slightly  indurated  sands, 
white  and  yellow  predominating,  with  scattered  small 
masses  of  slate-colored  pipe  clay ;  locally  cemented  by 
iron  oxide  into  hard,  compact  masses 12 

Craighead  County. — ^From  Craighead  County  northeastward  to 
the  southern  part  of  Clay  County  exposures  of  quartzite,  most  of 
which  are  on  the  west- facing  slope  of  the  ridge,  are  numerous.  These 
exist  as  masses  of  indurated  sand  in  the  Wilcox  formation. 

One  of  the  best  examples  of  the  rock  is  in  sec.  9,  T.  15  N.,  R.  3  E., 
on  the  old  William  Lane  place,  about  4  miles  northeast  of  Bono  post 
office,  Craighead  County,  where  several  large  masses  of  extremely 

>Call.  R.  K.,  op  dt..  pp.  97.  98.  « Idem.  p.   111. 
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hard,  cross-bedded  quartzite,  5  or  6  feet  thick,  outcrop  on  the  western 
slope  of  the  ridge  just  north  of  the  public  road.  The  base  of  the 
lowest  mass  is  20  or  25  feet  above  the  level  of  the  lowland  to  the  west 
and  the  top  of  the  highest  one  is  about  40  feet  above  the  same  datum. 
The  lowest  mass  is  apparently  not  in  its  original  position,  but  has 
slipped  down  the  slope  for  an  unknown  distance;  it  is  underlain  by 
yellow  stratified  sand. 

Just  south  of  Uie  road  and  a  few  rods  souUi  of  Uie  quartzite  masses 
the  following  section  is  exposed  in  a  gully,  the  bottom  of  which  is  only 
a  few  feet  above  the  level  of  the  lowland  to  the  west : 

Section  in  a  gvUy  on  the  WiUiam  Lane  place,  4  milea  northeast  of  Bono,  Craig- 
head County. 
Pleistocene:  Feet 

YeUow  and  brown  loam,  a  fftdes  of  the  loess '.^      4 

PUocene  (?)  (Lafayette formation) : 

Heavy  bed  of  coarse  gravel,  consisting  chiefly  of  pebbles, 
cobbles,  and  bowlders  of  chert,  with  a  considerable  ad- 
mixture of  quartzite  fragments  derived  from  the  Wilcox 
formation ;  a  few  smoothly  rounded  quartz  pebbles  occur 

mixed  through  the  gravel 15 

Uneonformity. 

Eocene  (Wilcox  formation) : 

Laminated  gray  and  yellow  fine  argillaceous  sand  with 
subordinate  lenses  of  laminated  clay;  a  thin  layer  of 
brown  ferruginous  sand,  locally  indurated,  occurs  along 
the  top  of  this  bed 15 

34 

Expo9ures  of  quoHzite. — ^Exposures  of  the  quartzites  of  the  Wilcox 
formaticMi  have  been  noted  by  Call^  and  others  at  the  following 
places: 

Craighead  County,  sees.  6,  7.  T.  14  N.,  R.  3  R 

aecs.  9, 16, 17,  20,  29,  31,  32,  T.  15  N.,  R  3  B. 
Greene  (bounty,  sees.  4,  5, 16, 17, 19,  T.  16  N.,  R.  5  E. 

sees.  1,  3,  25,  36,  T.  17  N.,  R,  4  E. 

sees.  13.  23  ?,  34,  35,  36,  T.  18  N.,  R.  4  E. 

sees.  2,  4,  7,  8,  9, 18,  30,  T.  18  N..  R.  5  E. 
(Greene  and  Clay  counties,  sees.  15?,  19,  20,  29,  T.  19  N.,  R.  6  E. 

Poinsett  County. — Call  describes  a  section  on  Bolivar  Creek  in 
Poinsett  County,  Si  miles  north  of  Harrisburg  (NW.  i  SW,  i  sec.  8, 
T.  11  N.,  R.  4  E.),  concerning  which  he  says:^ 

By  far  the  best  section  exhibited  in  Poinsett  County  is  on  Bolivar  Creek,  3} 
miles  north  of  Harrisburg,  on  the  west  side  of  the  ridge.  Bolivar  Creek  is  the 
^wgest  stream  in  this  part  of  the  county  and  constitutes  the  main  tributary  to, 
^^  is,  rather,  the  chief  source  of  the  L*Angullle  River.    The  exposure  faces  north 

^Cail,  R.  B.,  op.  cit,  pp.  93,  94.  >Idem,  pp.  80,  81. 
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and  is  continnons  for  about  400  feet  The  r^atlons  given  in  the  section,  howerer. 
are  made  out  from  observations  extending  over  a  mile,  and  represent  a  vertical 
distance  of  more  than  100  feet  The  point  at  which  the  lignite  bed  is  exposed  is 
only  about  80  feet  in  height  but  it  underlies  a  vertical  cliff  at  that  place. 

This  locality  was  visited  by  the  senior  author,  and  the  following 
section,  which  pertains  only  to  the  main  exposure  near  the  mouth  of 
the  creek,  is  based  upon  his  observations  (see  PL  V,  B^  p.  52) : 

Section  on  Bolivar  Creek,  $i  mUes  north  of  Harrisburg,  in  north-facing  M«f 
near  the  exit  of  the  creek  from  Crowleys  Ridge, 

Pleistocene  (loess) :  f>et 

11.  Brown  loam,  probably  creep  from  a  higher  level 1 

Pliocene  (?)  (Lafayette formation) : 

10.  Gravel,  probably  creep  from  a  higher  level 4 

Eocene  (Wilcox  formation) : 

9.  Weathered  brown  flne.argUlaceous  sand 3 

8.  Fine  light-gray,  faintly  laminated  argillaceous  sand 11 

7.  Fine  light-gray  massive  sand 4. 5 

6.  Fine  chocolate-colored  argillaceous,  faintly  laminated 

sand 4. 5 

5.  Dark  chocolate-colored,  very  fine,   very  argillaceous 

sand 4 

4.  Dark-brown  to  black  lignite 5 

8.  Brown  argillaceous  lignitic  sand 1 

2.  Dark  chocolate-colored  tough  clay,  lignitic  in  upper 

portion ;  in  places  in  the  upper  2  feet  contains  numer- 
ous poorly  preserved  lignitised  leaves  and  leaf  im- 
pressions      3 

1.  Very  tough  light-greenish  clay 2 

43 

The  layer  of  lignite  (No.  4)  and  the  clay  layers  (Nos.  1  and  2)  are 
somewhat  irregularly  bedded  and  vary  in  thickness  along  the  face  of 
the  bluff.  In  places  the  upper  lignitic  portion  of  layer  No.  2  becomes 
a  bed  of  true  lignite  1  to  2  feet  thick;  a  few  lignitized  logs  and  frag- 
mental  remains  of  lignitized  stumps  were  seen  in  this  layer. 

Among  the  fossil  leaves  collected  from  layer  No.  2,  E.  W.  Berry  has 
identified  the  following  species : 

Fossil  plants  from  layer  No.  2,  Bolivar  Creek  section. 


Sapindus  mississippiensis  Berry.' 
Sophora  wilcoxiana  Berry? 


Ficus  pseudomediafolia  Berry.* 
Juglans  schimperi  (Lesquereux)? 
Palffiodendron  americanum  Berry.* 

South  of  Bolivar  Creek  Crowleys  Kidge  rises  about  115  feet 
(aneroid  reading)  above  the  bed  of  the  creek ;  the  ridge  is  here  capped 
by  brownish  loam  (loess),  which  rests  upon  a  bed  of  gravel  of  the 
Lafayette  formation. 

^  For  description  of  this  new  species  see  Berry,  E.  W.,  The  lower  Eocene  floras  of  sootb* 
eastern  North  America:  U.  8.  Geol.  Surrey  Prof.  Paper  01  (in  press). 
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At  several  places  between  Harrisburg  and  Bolivar  Creek  sands 
and  argillaceous  sands,  probably  corresponding  to  layers  Nos.  6,  7,  8, 
and  9,  were  observed  in  gullies  near  the  base  of  the  west- facing  slope 
of  the  ridge. 

COBBELATION. 

Berry  has  identified  species  of  fossil  plants  from  three  localities 
referable  to  the  Wilcox  formation;  from  two  of  the  localities  (one 
in  Greene  County,  p.  58,  and  the  other  in  Clay  County,  p.  68)  he 
recognized  the  following  nine  species: 

FoasU  plants  from  the  Wilcox  formation  in  Clay  and  Oreene  counties. 


Glnnamomum  postnewberryi  Berry/ 
FIcus  eolignitica  Berry.* 
Ficus  vaughani  Berry.* 
Pteris  eolignitica  Berry.* 


Anemia  eocenica  Berry.* 
Banksia  tenuifoUa  Berry.* 
Dryophyllum  tennesseensis  Berry.* 
Nectandra  lowei  Berry.* 
Aralla  notata  Lesquereox. 

Berry  states  that  all  but  one  of  the  species  enumerated  occur  in 
the  Wilcox  formation  of  the  eastern  Gulf  region,  and  that  the  ex- 
cepted species  is  common  to  the  Fort  Union  formation  of  the  western 
interior.  On  the  evidence  of  these  plants  he  correlates  the  contain- 
ing beds  with  the  Wilcox  formation. 

From  the  third  locality,  on  Bolivar  Creek,  3^  miles  north  of  Har- 
risburg, Poinsett  Coimty  (p.  62),  Berry  recognized  five  species, 
^hich  he  states  indicate  that  the  containing  bed  belongs  near  the  top 
of  the  Wilcox.    He  says: 

I  have  no  comparative  data  to  prove  that  these  forms  do  not  extend  into  the 
Claiborne ;  however,  none  of  the  species  have  ever  been  found  in  the  Claiborne, 
and  in  fact  only  one  or  two  of  the  250  species  elsewhere  found  in  the  Wilcox 
have  ever  been  found  in  the  Claiborne.  From  this  I  conclude  that  the  Bolivar 
Creek  locality  belongs  to  the  Wilcox;  I  do  not  believe  there  is  any  lower 
Claiborne  in  Crowleys  Ridge. 

Although  the  contact  between  the  Wilcox  formation  and  the  over- 
lying Claiborne  formation  was  not  discovered,  it  is  assumed,  on  the 
evidence  afforded  by  the  fossil  plants,  that  the  former  does  not  appear 
in  surface  outcrops  farther  south  in  Crowleys  Kidge  than  Harris- 
burg, Poinsett  County. 

OLAIBOKHE  FOBXATIOH. 
GENERAL   FEATUSES. 

^farne. — In  1834  *  and  again  in  1835 '  Conrad  described  a  stratum 
of  sand  containing  a  rich  molluscan  fauna,  exposed  in  a  bluff  on 

*  For  description  of  this  new  species  gee  Berry,  E.  W..  The  lower  Eocene  floras  of  sonth- 
«Mtem  North  America :  U.  8.  Geol.  Survey  Prof.  Paper  91  (In  press). 

*  Conrad,  T.  A.,  Observations  on  the  Tertiary  and  more  recent  formations  of  a  portion  of 
the  Southern  States :  Acad.  Nat  Sci.  Philadelphia  Jour.,  vol.  7.  pp.  11^129,  1834. 

■Eocene  fossils  of  the  Claiborne,  with  observations  on  this  formation  in  the  United 
States:  FossU  shells  of  the  Tertiary  formations  of  North  America,  vol.  1,  No.  8,  pp.  29-86, 
^«36.    (See  Harris's  repubUcation  of  Conrad's  "  Fossil  shells,"  1893,  pp.  75-84.) 
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Alabama  River,  at  the  village  of  Claiborne,  Monroe  G)iint7,  Ala. 
He  referred  to  this  bed  as  Uie  ^  Claiborne  deposits,'^  and  in  a  later 
publication  as  the  ^^ Claiborne  sandstone'';  the  Ek)oene  age  of  the 
fauna  was  recognized.  Since  the  introduction  of  the  name  it  has 
been  applied  by  different  investigators  to  deposits  distributed  geo- 
graphically from  North  Carolina  to  the  Rio  Grande.  By  some 
the  name  has  been  given  a  broader  and  by  others  a  more  restricted 
application  than  the  present  accepted  limits  of  the  division.^ 

^  The  literature  on  the  subject  Is  Tolnmlnoiis  and  can  only  be  enumerated,  not  rerlewed, 
in  this  report. 

Conrad,  T.  A^  Observations  on  the  Eocene  formation  and  descriptions  of  106  new  speciei 
of  that  period  from  the  vicinity  of  Vicksburg,  Miss.,  with  an  appendix :  Acad.  Nat  8d. 
Philadelphia  Proc..  voL  S,  pp.  280-281,  1846. 

Conrad,  T.  A.,  Observations  on  the  Eocene  deposit  of  Jackson,  Miss.,  with  descriptioiis 
of  34  new  species  of  shells  and  corals.  Acad.  Nat.  Sci.  Philadelphia  Proc,  vol.  7,  18M, 
1855,  pp.  257-263  (issued  in  1866). 

Hil^rd,  B.  W.,  A  report  on  the  geology  and  agricoltnre  of  the  State  of  Mississippi, 
pp.  123-128,  1860. 

Hilgard,  E.  W.,  On  the  Tertiary  formations  of  Mississippi  and  Alabama :  Am.  Jour.  SeL, 
2d  ser.,  vol.  43,  pp.  33-34,  1867. 

Meli,  P.  H.,  jr..  The  Claiborne  group  and  its  remarkable  fossils:  Am.  Inst.  Min.  Eat- 
Trans.,  vol.  8,  pp.  304-313,  1880. 

Heilprin,  Angelo,  On  the  relative  ages  and  classification  of  the  post-Eocene  Tertitr^ 
deposits  of  the  Atlantic  slope :  Acad.  Nat  Sci.  Philadelphia  Proc.,  p.  184,  1882. 

Heilprin,  Angelo,  The  Tertiary  geology  of  the  eastern  and  southern  United  Statei: 
Acad.  Nat  Set  Philadelphia  Jour.,  vol.  0,  pp.  116,  120,  146-147,  1884. 

Heilprin,  Angelo,  The  Tertiary  geology  of  the  eastern  and  southern  United  States :  Pnb- 
lished  by  the  author ;  p.  37,  Philadelphia,  1884. 

Meyer,  Otto,  The  genealogy  and  the  age  of  the  species  in' the  southern  old  Tertiary: 
Am.  Jour.  Sci.,  3d  ser.,  vol.  30.  pp.  421-435,  1886. 

Aldrich,  T.  H.,  Observations  upon  the  Tertiary  of  Alabama :  Am.  Jour.  Set,  3d  ser^  yoL 
80,  pp.  300-308,  1886. 

Smith,  E.  A.,  Remarks  on  a  paper  of  Dr.  Otto  Meyer  on  Species  in  the  southern  old  Ter- 
tiary :  Am.  Jour.  ScL,  3d  ser.,  vol.  30,  pp.  270-276,  1886. 

Langdon,  D.  W.,  Tertiary  of  Mississippi  and  Alabama :  Am.  Jour.  Sci.,  3d  ser.,  voL  31, 
pp.  202-209,  1886. 

Aldrich,  T.  H.,  Notes  on  the  distribution  of  Tertiary  fossils  in  Alabama  and  Mississippi : 
Cincinnati  Soc.  Nat.  Hist  Jour.,  vol.  8,  pp.  266-267,  1886. 

Aldrich,  T.  H.,  a  preliminary  report  upon  the  Tertiary  fossils  of  Alabama  and  Minis- 
sippl :  Alabama  Geol.  Survey  Bull.  1,  pp.  44-40,  1886. 

Smith,  E.  A.,  Summary  of  the  lithological  and  stratlgraphical  features  and  subdivlsiou 
of  the  Tertiary  of  Alabama  :  Alabama  Geol.  Survey  Bull.  1,  Introduction,  pp.  8-10,  188d 

Smith,  E.  A.,  and  Johnson,  L.  C,  On  the  Tertiary  and  Cretaceous  strata  of  the  Tusca- 
loosa, Tombigbee,  and  Alabama  rivers :  U.  S.  Oeol.  Survey  Bull.  43,  pp.  16-18,  25-34, 1887. 

Langdon,  D.  W.,  Geological  section  along  the  Chattahoochee  River  from  Columbot  to 
Alum  Blufr :  Georgia  Geol.  Survey  First  Kept.  Progress.  1891.  pp.  06,  97. 

Langdon,  D.  W.,  Variations  in  the  Cretaceous  and  Tertiary  strata  of  Alabama:  Geol. 
Soc.  America  Bull.,  vol.  2,  p.  688,  1891. 

Clark,  W.  B.,  Correlation  papers — ^Eocene :  U.  S.  Geol.  Survey  Bull.  83,  173  pp.,  1891. 

Spencer,  J.  W.,  Geological  report  on  southwest  Georgia:  Georgia  GeoL  Survey  First 
Rept  Progress,  pp.  61-63,  1891. 

McGee,  W  J,  The  Lafayette  formation :  U.  S.  Geol.  Survey  Twelfth  Ann.  Rept,  pt  t 
pp.  413-418,  1891. 

Smith,  E.  A.,  Phosphates  and  marls  of  Alabama :  Alabama  Geol,  Survey  BulL  2,  PP> 
58,  62,  1892. 

Harris,  G.  D.,  The  Tertiary  geology  of  southern  Arkansas :  Arkansas  Geol.  Survey  Ann. 
Rept  for  1892.  vol.  2.  pp.  87-187,  1894. 

Smith,  E.  Ah  Langdon.  D.  W..  and  Johnson,  L.  C,  On  the  geology  of  the  Coastal  Plab> 
of  Alabama :  Alabama  Geol.  Survey  Bull.,  pt.  1,  pp.  17,  122-138,  282-235,  492,  494,  18H 

Vaughan,  T.  W..  The  stratigraphy  of  northwestern  Louisiana:  Am.  Geologist,  M 
16,  pp.  210-220,  1896. 
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As  at  preset  understood  the  term  Claiborne  is  applied  to  the 
strata  included  between  the  Wilcox  formation  below  and  the  Jackson 
formation  above.  In  tiie  other  States  in  which  the  deposits  have  been 
recognized  they  have  been  subdivided  on  lithologic  grounds  into 
formations,  and  the  term  Claiborne  group  has  been  used.  In  Crow- 
leys  Kidge,  where  the  deposits  have  not  been  subdivided,  the  term 
Claiborne  formation  is  applied  to  the  entire  division. 

In  Louisiana  the  Claiborne  has  been  subdivided  in  ascending  order 
into  the  St.  Maurice  formation,  which  is  composed  of  calcareous  and 
glauconitic  deposits  of  marine  origin,  and  the  Yegua  or  "  Cockfield  " 
formation,  which  consists  of  lignite-bearing  sands  and  clays.  The 
leaf-bearing  clay  in  Crowleys  Kidge  near  Cherry  Valley,  Cross 
County^  described  on  page  69,  is  correlated  by  Berry  with  the  Yegua 
C* Cockfield")  formation  of  the  Claiborne  group.  No  deposits  cor- 
responding in  lithologic  character  to  the  St.  Maurice  formation  have 
been  observed  in  Crowleys  Eidge  stratigraphically  below  the  leaf- 
bearing  clay  at  Cherry  Valley,  and  there  is  reason  to  believe  that 
only  the  upper  part  of  the  Claiborne  is  represented  in  northeastern 
Arkansas. 

Areal  distribution. — ^In  northeastern  Arkansas  the  Claiborne  for- 
mation outcrops  in  the  base  of  Crowleys  Ridge  to  a  probable  maximum 
height  of  100  feet  above  the  adjoining  lowlands,  from  the  vicinity  of 
Harrisburg,  Poinsett  County,  to  the  southern  part  of  Cross  County. 

East  of  Mississippi  River  deposits  of  the  Claiborne  group  outcrop 
in  North  Carolina  and  from  South  Carolina  southwestward  through 
Creorgia,  westward  through  Alabama,  and  northward  through  Missis- 
sippi. The  group  is  represented  in  Tennessee  and  Kentucky  by  a  part 
of  the  Lagrange  formation,  but  it  has  not  been  accurately  differ- 
entiated from  the  strata  of  Jackson  and  Wilcox  age,  which  are  ex- 
tensively developed  in  the  same  area  and  are  also  included  in  the 
Lagrange  formation. 

Vanghan,  T.  W.,  A  brief  contribution  to  the  geology  and  paleontology  of  north- 
western Louisiana :  U.  S.  Geol.  Survey  Bull.  142,  p.  15,  1896. 

Dall,  W.  H.,  A  table  of  the  North  American  Tertiary  horizons,  correlated  with  one 
another  and  with  those  of  western  Europe,  with  annotations :  U.  S.  Geol.  Survey  Eight- 
eenth Ann.  Rept.,  pt.  2,  pp.  342-343,  1898. 

Harris,  G.  D.,  and  Veatch.  A.  C,  A  preliminary  report  on  the  geology  of  Louisiana : 
Louisiana  Geol.  Survey,  pt.  5,  pp.  73-89,  1899. 

Vaughan,  T.  W.,  The  Eocene  and  lower  Oligocene  coral  faunas  of  the  United  States: 
U.  8.  Geol.  Sunney  Mon.  39,  pp.  27-30,  1900. 

Veatch,  Otto,  and  Stephenson,  L.  W.,  Tertiary  and  Quaternary  [Georgia] :  Geol.  Survey 
CeorgU  Bull.  26,  pp.  235-296,  1911. 

Vaughan,  T.  W.,  [Tertiary  of]  Texas,  Louisiana,  and  Arkansas:  U.  S.  Geol.  Sur- 
vey Prof.  Paper  71.  pp.  723-731,  1912. 

Vaughan,  T.  W.,  [Eocene  and  Oligocene  of]  south  Atlantic  and  eastern  Gulf  Coastal 
Plain  and  north  end  of  Mississippi  embayment :  U.  8.  Geol.  Survey  Prof.  Paper  71, 
pp.  781-739.  1912. 
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In  southern  Arkansas  the  Claiborne  is  probably  represented  by  a 
part  of  the  undifferentiated  Eocene  mapped  by  Veatch,^  and  de- 
posits of  this  age  have  been  recognized  from  northern  Louisiana 
south  westward  to  the  Rio  Grande. 

Stratigraphic  relations. — In  Crowleys  Ridge,  the  Claiborne  f (Mrma- 
tion  rests  upon  the  Wilcox  formation,  and  the  relation,  though  not 
determined  with  certainty,  is  probably  that  of  nonconformity. 
Fossil  leaves  of  upper  Wilcox  age  have  been  found  at  the  base  of 
Crowleys  Ridge,  on  Bolivar  Creek,  3^  miles  north  of  Harrisburg 
(p.  62),  and  fossil  leaves  of  upper  Claiborne  age  (Yegua)  occur  at 
the  base  of  the  ridge  near  Cherry  Valley,  Cross  County  (p.  69). 
From  considerations  based  upon  the  general  structure  of  the  Misas- 
sippi  Embayment  and  the  slight  inclination  of  the  strata  composing 
the  Eocene,  it  is  believed  highly  improbable  that  the  full  thickness 
of  the  Claiborne  group  of  Alabama  and  Mississippi  can  be  repre- 
sented in  outcrops  in  Crowleys  Ridge,  between  the  two  localities  men- 
tioned. It  seems  necessary  to  assume,  therefore,  that  the  lower  part 
of  the  Claiborne  is  represented  by  an  unconformity.  In  a  letter  to 
the  senior  author.  Berry  discusses  this  hypothetical  unconformity  as 
follows: 

with  regard  to  the  Claiborne  unconformity,  I  am  convinced  that  the  later 
Claiborne  transgresses  far  to  the  north  of  the  earlier.  I  have  St  Maurice 
[lower  Claiborne]  plants  from  southern  Arkansas  and  Yegoa  C^Cockfield**) 
[upper  Claiborne]  plants  from  northwestern  Mississippi,  and  the  general  rela- 
tions of  the  deposits  demand  an  unconformity.  In  materials  away  from  the 
open  sea — ^that  is  in  Uttoral  sands  and  lenses  of  estoarine  clay,  unconformities 
would  scarcely  even  be  detectable  unless  the  unconformable  deposits  were  laid 
down  at  very  different  depths,  and  consequently  were  of  different  Uthologlc 
character. 

The  Claiborne  formation  is  overlain  toward  the  southern  limit  of 
its  occurrence  in  Crowleys  Kidge  by  the  Jackson  formation;  the 
relation  is  believed  to  be  that  of  conformity. 

Throughout  the  greater  part  of  its  extent  in  Crowleys  Ridge  the 
formation  is  overlain  unconformably  by  gravels  and  sands  of  the 
Lafayette  formation.  Disturbed  materials  of  the  Lafayette  forma- 
tion and  of  the  overlying  loess  have  found  their  way  down  the  slopes 
by  redeposition,  creep,  and  landslide,  and  have  blanketed  the  Gai- 
borne  strata  which  would  otherwise  appear  at  the  surface  continu- 
ously along  the  base  of  the  ridge. 

Lithologic  character. — ^The  formation  in  Crowleys  Ridge  consists 
of  regularly  and  irregularly  bedded,  more  or  less  lignitiferous  sands 
and  clays,  with  subordinate,  thin,  interstratified  layers  of  lignite. 
The  sands  are  for  the  most  part  fine  in  texture,  are  commonly  mica- 


^  Veatcb,  A.  Cn  Geology  and  andergroand  water  resources  of  northern  Louisiana  aod 
southern  Arkansas :  U.  S.  Geol.  Survey  Prof.  Paper  46,  p.  40,  1906. 
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ceous,  and  are  light  to  dark  in  color.  The  clays  are  light  drab  to 
black  and  range  in  bedding  from  massive  to  thinly  laminated,  with 
fine  micaceous  sand  partings;  locally,  as  at  Copperas  Bluff,  Cross 
County,  they  are  strongly  gypsiferous,  the  gypsum  being  present  as 
crystals  and  presenting  numerous  clusters  of  acicular  crystals. 

Concretions  of  iron  carbonate  are  common  in  the  clajrs  of  the 
formation,  and  appear  in  many  of  the  exposiu'es  in  Cross  Coimty. 
Lignite  is  characteristic  and  occurs  as  comminuted  particles  or  as 
larger  fragments. 

Strike^  dip,  and  thickness. — ^The  strike  of  the  strata  composing  the 
Claiborne  formation  is  inferred,  from  the  general  structure  of  the 
Gulf  embayment,  to  be  approximately  northeast-southwest.  The 
beds  dip  to  the  southeast  at  the  rate  of  a  few  feet  per  mile.  No  accu- 
rate data  are  available  for  determining  the  thickness  of  the  forma- 
tion, but  rough  calculations  based  on  the  width  of  outcrop  and  an 
assumed  dip  of  between  5  and  10  feet  per  mile,  give  a  thickness  of 
between  100  and  200  feet  for  the  formation. 

Physiographic  expression. — ^The  present  surface  features  of  Crow- 
leys  Ridge  are  determined  mainly  by  the  Lafayette  formation  and  by 
the  loess,  which  form  the  capping  materials  of  the  ridge.  However, 
the  existence  of  that  part  of  the  ridge  underlain  by  the  Claiborne 
formation  is  due  to  the  resistance  to  erosion  offered  by  the  strata  of 
this  terrane,  and  particularly  by  the  thicker  beds  of  clay.  In  this 
respect  the  ridge  may  be  said  to  be  a  topographic  expression  of  the 
formation. 

Paleontologic  character. — Fossil  leaves,  poorly  to  fairly  well  pre- 
served, have  been  collected  from  the  formation  at  an  exposure  three- 
fourths  of  a  mile  southeast  of  Cherry  Valley,  Cross  County ;  a  list  of 
the  identified  species  is  given  on  page  69.  Comminuted  particles  and 
larger  fragments  of  lignite  are  common  in  the  formation  throughout 
practically  its  whole  thickness.  At  a  few  places  thin  layers  and 
lenses  of  lignite  have  been  observed.  No  remains  of  animals  have 
been  found  in  place  in  the  formation;  however,  at  an  exposure  4 
miles  east  of  Wynne  shark  teeth  and  mouth  plates  were  foimd  loose 
in  the  bed  of  a  gully. 

LOCAL  DETAILS, 

The  Claiborne  formation  is  well  exposed  at  many  places  in  Crow- 
leys  Ridge  in  Poinsett  and  Cross  counties.  CalP  has  described 
numerous  sections  in  detail.  A  few  sections  are  given  to  show  the 
general  lithologic  character  of  the  formation. 

^Call,  R.  E.,  The  geology  of  Crowleys  Ridge:  Arkansas  Geol.  Survey  Ann.  Rept.  for 
1889,  vol.  2,  pp.  57-80,  1891. 
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Spencer  Cteek^  Cros8  County. — Call*  described  a  section  on  Spen- 
cer Creek,  in  Crowleys  Bidge,  1  mile  north  of  Harrisburg,  Croes 
County,  which  is  here  repeated  in  substance,  as  follows: 

Section  on  Spencer  Creek  1  mUe  north  of  Harrishurff,  Cross  County, 

Pleistocene  (loess) :  '^t. 
Humus,  with  considerable  sand  and  a  few  scattered  peb- 
bles       1 

Yellowish  loesslike  marl,  indurated  below,  weathering 
into  vertical  cUffs.  This  layer  becomes  much  redder 
below  and  has  occasional  seams  of  pebbles  with  a  matrix 
of  red  sand.     At  the  very  bottom  the  clay  is  almost 

entirely  replaced  by  coarse,  briclc-red  sand 20 

Eocene  (Claiborne  formation?) : 

Horizontally  stratified  white  sands,  alternating  with  light 
slate-colored  layers  of  plastic  clay,  the  thickness  of  the 
clay  varying  from  half  an  inch  to  5  inches.  The  thicker 
layers  of  clay  are  laminated,  the  laminse  being  sepa- 
rated by  thin  layers  of  a  very  fine  white  sand,  though 
these  finer  sand  partings  are  sometimes  stained  yellow 
by  iron  oxide.  Below  the  first  5  feet  these  clay  tmnds 
almost  entirely  disappear  and  the  whole  becomes  a  very 
fine  white  horizontally  stratified  sand.  This  member  is 
remarkable  for  the  regularity  and  horizontality  of  its 
stratification . 13 

Stratified  bluish  to  drab  clays,  with  abundant  smaU  frag- 
ments of  lignite  scattered  throughout,  though  in  places 
these  particles  are  arranged  in  zones  2  to  3  inches  thick. 
Near  the  bottom  is  a  heavy  deposit  of  siliceous  iron  ore, 
in  places  forming  the  floor  of  the  creek  and  elsewhere 
jutting  out  as  a  ledge  from  the  bank.  The  thickness  of 
this  iron  clay-stone  varies  from  1  foot  to  15  or  20  inches.    23 

67 
Call  says  also : 

Farther  down  the  creek  and  west  of  the  road  is  a  continuation  of  the  above 
section  which  extends  its  general  features  nearly  half  a  mile  to  the  west  In 
this  exposure  the  iron  clay-stone  is  nodulous  and  is  represented  by  very  large 
segregations  instead  of  by  a  bed.  Lignite  is  much  more  abundant  and  tlie 
fragments  are  larger  than  at  the  first-mentioned  locality,  but  they  are  arrant 
in  an  undulating  zone  throughout  the  whole  section.  At  the  top  of  the  secticm. 
for  7  feet  of  the  total  thickness,  which  is  25  feet,  the  character  of  the  scdl 
clearly  resembles  the  loess  clays  and,  though  it  is  somewhat  more  deeply  colored 
and  more  clayey  than  usual,  it  probably  represents  that  deposit 

Although  no  fossils  were  found  in  this  section,  the  presence  of  iron 
ore  in  the  lowest  layer  and  the  regularity  of  the  bedding  exhibited  by 
the  two  lower  layers  are  regarded  as  evidence  of  their  Claiborne  age. 

Cherry  Valley  section^  Cross  County, — ^The  following  is  a  section 
exposed  on  a  small  creek,  where  it  leaves  Crowleys  Ridge  about  three- 

1  Call,  B.  E.,  op.  dt,  pp.  78,  79. 


Digitized  by  VjOOQIC 


U.    «.    OEOLOQICAL  8UltVCY 


WATER-SUPPLY  PAPER  800      PLATE  VI 


SANDS  AND  CLAYS  OF  THE   CLAIBORNE   FORMATION  THREE-FOURTHS  OF  A  MILE  SOUTH- 
EAST OF  CHERRY  VALLEY,  CROSS  COUNTY. 


B.    LEAF.BEARING  CONCRETIONS  OF  IRON  CARBONATE  IN  CLAY  OF  THE  CLAIBORNE  FORMA- 
TION AT  THE  LOWER  END  OF  THE  BLUFF  SHOWN  IN  PLATE  VI,  A, 
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quarters  of  a  mile  southeast  of  Cherry  Valley,  Cross  County  (see 
Plate  VI,  A  and  B) : 

SectUm  near  Cherry  Valley,  Cross  County. 

Pleistocene  (loess) :  Feet. 

Brown  pebbly  loam,  which  has  probably  crept  down  the 

slope  from  a  higher  level 3 

Pliocene  (?)  (I^afayette  formation) : 

Gravel  composed  of  pebbles  of  angular  to  partially  rounded 
gray  and  brown  chert;  a  few  scattered,  smoothly 
rounded  quartz  pebbles,  and  a  few  scattered  angular 
chunks  of  ferruginous  conglomerate.  The  gravel  mantles 
down  over  the  slope  and  the  whole  bed  has  probably 

crept  down  the  slope  from  a  higher  level 5 

Unconformity. 

Ek)cene  (CJlaibome  formation) ; 

Faintly  laminated  fine,  rather  compact  argillaceous  sand, 
red  in  the  upper  5  or  6  feet  and  grading  downward  into 
light  greenish-gray  sand  streaked  with  yellow ;  this  Is  a 
weathered  phase  of  the  material  described  in  the  next 

layer  below 

Brown,  faintly  laminated,  finely  micaceous  argillaceous 
sand  with  crystals  of  selenite  and  scattered  small  par- 
ticles of  vegetable  matter 14 

Massive  fine  light  greenish-gray  sand  streaked  with  yel- 
low     12 

Laminated  dark-gray  and  dark-brown,  very  sandy  mica- 
ceous clay,  with  laminee  and  thin  layers  of  gray,  brown, 
and  yellow  fine  sand  having  a  maximum  thickness  of  2 
or  8  inches;  the  bed  contains  comminuted  vegetable  par- 
ticles and  a  few  scattered  fragments  of  lignite 8 

Massive,  finely  arenaceous  dark  greenish  gray  clay,  with 
numerous  black  fossil  leaves  preserved  as  lignite;  scat- 
tered through  the  clay  are  numerous  concretions  of  iron 
carbonate  with  a  maximum  diameter  of  2  or  3  feet, 
which  contain  numerous  fairly  well  preserved  leaf  im- 
pr<^ssions  (PI.  VI,  A,  B) ;  maximum  exposed  thickness—      5 

From  the  leaf -bearing  bed  at  the  base  of  the  section  the  following 
species,  identified  by  E.  W.  Berry,  were  collected  by  Berry  and  the 
senior  author : 

Fossil  plants  near  Cherry  Valley,  Cross  County, 


Arthrotaxis  (?)  sp. 

CHtrophyllum  eocenicum  Berry  (occurs 

also  at  Claiborne,  Ala.).* 
Inga  arkansensis  Berry.* 


Mlmusops  clalbornensis  Berry.* 
Persea  gratlsslmlfolia  Berry.* 
Ternstroemites  crowleyensls  Berry.* 
Ternstrcemites  clalbornensis  Berry.* 


*  For  description  of  this  new  species  see  Berry,  E.  W.,  The  lower  Eocene  floras  of  south- 
etstem  North  America:  U.  8.  Geol.  Survey  Prof.  Paper  01  (in  press). 
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On  the  evidence  of  the  species  enumerated,  Berry  correlates  the 
containing  stratum  with  the  upper  Claiborne,  and  states  that  the  bed 
probably  corresponds  in  age  to  the  lignitiferous  division  of  the  Clai- 
borne group  of  Louisiana  and  Texas  known  as  the  Yegua  (^^  Cock- 
field")  formation. 

Sections  east  of  Wynne^  Cross  CownJty. — ^The  following  section  is 
exposed  in  a  ravine  about  4  miles  east  of  Wynne,  Cross  County,  and 
one-fourth  mile  south  of  the  St.  Louis,  Iron  Mountain  &  Soutiiem 
Railway : 

Section  in  a  ravine  4  miles  east  of  Wynne,  Cross  County. 

Pleistocene :  Feet. 

Loess 18 

Pliocene  (?)  (Lafayette  formation) : 

Gravel  with  a  matrix  of  sand 18 

Eocene  (Claiborne  formation) : 

Light-gray  argillaceous  sand,  irregularly  streaked  with 

yellow,  pink,  and  red 6 

Interbedded  llght-drab  arenaceous  clay  and  light-gray 

sand 15 

Pink  and  yellowish  mottled  argillaceous  sand 1 

Very  dark  llgnltlc  clay,  with  two  thin  seams  of  pure  lig- 
nite        1. 5 

Gray  and  yellowish  argillaceous  sand 8 

CJoncealed  by  a  landslide 30 

Dark-drab  arenaceous  llgnltlc  clay,  more  sandy  In  Its 
upper  portion;  contains  crystals  of  selenite  an  Inch 
or  more  In  length ;  this  layer  Is  exposed  along  the  bot- 
tom of  the  ravine  below  the  landslide;  a  few  shark 
teeth  and  mouth  plates  were  found  loose  In  the  bed  of 
the  ravine 30 

127.5 

In  a  bluff  at  the  foot  of  the  ridge  near  the  mouth  of  the  ravine  15 
feet  of  dark  clay,  containing  crystals  of  selenite  and  concretions  of 
iron  carbonate,  some  of  which  are  a  foot  or  more  in  diameter,  is 
exposed. 

Another  clear-cut  section  in  which  strata  of  the  Claiborne  forma- 
tion are  exposed  is  a  south-facing  bluff  on  a  small  creek  3  miles  east 
of  Wynne  and  one-eighth  mile  north  of  the  St.  Louis,  Iron  Mountain 
&  Southern  Railway : 

Section  in  a  bluff  on  a  small  creek  S  miles  exist  of  Wynne  and  one-eighth  mUe 
twrth  of  the  St.  Louis,  Iron  Mountain  d  Southern  RaUtoay. 

Pleistocene  (loess) :  Feet 

Massive  grayish  and  brownish  loess,  with  a  reddish  band 
(o,  fig.  1)   5  or  6  feet  thick  extending  horizontally 

through  the  middle  portion  of  the  layer 40 

Light-gray  compact  argillaceous  sand,  with  scattered 
small  pebbles  probably  derived  from  layer  3  (fig.  1)—  2-6 
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Feet. 
Unconformity  (?) ;  a  fairly  sharp  though  not  an  absolutely 

sharp  contact. 
I*liocene  (?)  (Lafayette  formation) : 

Gravel  composed  chiefly  of  subangular  to  partly  rounded 
flint  and  chert  pebbles  and  cobbles  up  to  5  or  6  inches 
in    length,    with    a    small    percentage    of    smoothly 

rounded  quartz  pebbles  up  to  1  inch  in  length 0-5 

Unconformity. 

£ocene  (Claiborne  formation) : 

Dark-gray  laminated  compact  shaly  clay 5 

Massive  dark-gray  to  chocolate-tinted,  very  argillaceous 
sand,  with  numerous  small  particles  of  lignite;  con- 
tains oval  to  spherical  concretions  of  iron  carbonate, 
which  reach  a  maximum  of  1  foot  in  diameter ;  small 
pieces  of  lignite  form  the  nucleus  of  some  of  these 
concretions 7 

58 


5B 


FiGUBS  1. — Sketch  to  show  the  relations  of  formations  exposed  in  a  blaff  on  a  small  creek 
3  miJeH  east  of  Wynne,  Cross  County,  and  one-eighth  mile  north  of  the  St.  Louis, 
Iron  Mountain  &  Southern  Railway.  1  and  2,  Claiborne  formation;  3,  Lafayette  for- 
mation; 4,  sandy  layer  at  base  of  loess;  5,  loess  containing  reddish  band  (a)  near  the 
middle. 

The  relations  indicated  in  the  section  just  described  are  graphically 
represented  in  figure  1. 

Copperas  Creek  section^  Cross  County, — The  site  of  Old  Wittsburg 
is  on  St.  Francis  River,  at  the  foot  of  the  east- facing  slope  of  Crow- 
leys  Ridge,  about  5  miles  east  of  Wynne,  Cross  County.  Call  ^  has 
described  an  exposure  of  the  Claiborne  formation  on  Copperas  Creek 
north  of  Wittsburg.    He  says : 

Two  and  a  half  miles  north  of  Wittsburg  Copperas  Creek  flows  eastward 
from  the  ridge,  and  after  a  sinuous  course  through  the  alluvium  of  the  St. 
Francis  bottoms  joins  St.  Francis  River  some  distance  to  the  south.  Where  it 
leaves  the  hills  this  stream  has  cut  away  the  greater  part  of  a  north  and  south 
spur  and  exposed  Its  stratigraphy. 

1  Call,  R.  E.,  op.  cit,  pp.  69-71. 
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The  section  given  by  Call  is  in  substance  as  follows : 
Section  at  Copperas  Bluff,  Cross  County. 

Pleistocene  (loess) :  Feet 

Light-yellow  siliceous  humus 2 

Loess  with  abundant  concretions  of  calcium  carbonate  in 
the  middle  portion ;  the  lower  portion  contains  pebbles, 
which  are  particularly  abundant  near  the  base ;  weathers 

into  vertical  cliffs 5 

Pliocene  (?)  (Lafayette  formation) : 

Gravel  composed  mainly  of  yellowish  chert  with  an  inter- 
mixture of  varicolored  sand;  contains  also  pebbles  of 
sandstone  3  to  4  inches  In  diameter;  this  bed  Is  1  foot 
thick  at  the  extreme  end  of  the  section  and  thickens  to  a 

maximum  of  8  feet  at  the  west  end  of  the  section 5 

Eocene  (Claiborne  formation) : 

Reddish,  partly  Indurated,  cross-bedded,  rather  coarse  sand, 
with  numerous  small  pieces  of  light-yellow  ocher  dissemi- 
nated In  patches 5 

Stratified  drab  to  purplish  sandy  clay,  with  numerous 
fragments  of  lignite 15 

Ironstone  nodules,  distributed  somewhat  regularly  in  a 
narrow  zone ;  some  of  the  nodules  are  hollow  or  are  filled 
with  sand ^ .. 1 

Bluish  stratified  clay,  with  an  abundance  of  comminuted 
vegetable  matter  and  some  fragments  of  lignite;  con- 
tains also  many  crystals  of  gypsum 10 

Layer  of  Ironstone  concretions  which  forms  a  ledge  along 
the  face  of  the  bluff 1 

White  and  yellowish  fine  stratified  sand;  the  layer  thins 
out  and  disappears  toward  the  west 10 

Dark-bluish  sandy  stratified  clay,  with  organic  matter 
and  numerous  large  fragments  of  lignite ;  contains  much 
selenlte,  partly  in  the  form  of  acicular  crystals  radiat- 
ing from  a  conunon  center 12 

66 

COBBELATION. 

The  leaf-bearing  clay  exposed  in  the  section  near  Cherry  Valley, 
Cross  County  (p.  69),  is  the  key  to  the  correlation  of  this  formation. 
According  to  Berry  the  fossil  plants  identified  from  this  stratum  indi- 
cate its  upper  Claiborne  age  and  its  probable  synchronism  with  the 
Yegua  ("  Cockfield  ")  formation  of  Louisiana  and  Texas.  The  Yegua 
formation  is  the  upper  lignitiferous  division  of  the  Claiborne  group 
of  those  States.  Fossil  leaves  of  upper  Wilcox  age  have  been  identi- 
fied by  Berry  from  a  locality  on  Bolivar  Creek,  3^  miles  north  of  Har- 
risburg,  Poinsett  County  (p.  62).  He  believes  the  paleontologic  evi- 
dence strong  that  only  the  upper  or  Yegua  ("  Cockfield  ")  formation 
of  the  Claiborne,  as  developed  in  southern  Arkansas  and  in  Louisiana, 
is  represented  in  Crowleys  Ridge  (see  p.  63),  and  that  the  Claiborne 
of  this  area  must  therefore  be  separated  from  the  underlying  Wilcox 
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formation  by  an  unconformity,  corresponding  in  time  to  the  lower 
Claiborne  of  other  areas. 

Fossil  invertebrates  of  lower  Jackson  age  have  been  identified  by 
T.  Wayland  Vaughan  from  a  marl  bed  exposed  on  Little  Crow  Creek 
about  3  miles  east  of  Forrest  City,  St.  Francis  County  (pp.  76-78). 

With  these  paleontologic  criteria  as  a  check  the  areal  distribution  of 
the  Claiborne  formation  in  Crowleys  Ridge,  as  indicated  on  the  map, 
is  determined  on  the  evidence  afforded  by  certain  lithologic  data, 
which,  though  not  so  satisfactory  as  paleontologic  evidence,  may 
nevertheless  be  considered  valid. 

Many  of  the  sections  in  Cross  County  here  referred  to  the  Clai- 
borne formation  include  beds  of  clay  containing  concretions  of  iron 
carbonate,  and  at  the  Cherry  Valley  locality,  to  which  reference  has 
just  been  made,  these  concretions  are  leaf -bearing.  The  fact  that  the 
concretions  have  not  been  found  in  the  Eocene  of  Crowleys  Ridge, 
either  north  or  south  of  Cross  County,  seems  to  justify  the  opinion 
that  they  are  characteristic  of  the  Claiborne  formation  of  this  area. 

The  invertebrate-bearing  beds  on  Crow  Creek  east  of  Forrest  City 
in  St.  Francis  County,  which  have  been  correlated  with  the  lower 
Jackson,  do  not  contain  iron  carbonate  concretions,  and  this  seems  to 
be  a  further  confirmation  of  the  belief  that  the  concretions  are  char- 
acteristic of  the  Claiborne  formation. 

JAOXSOH  FOBMATIOH. 

GENERAL  FEATURES. 

Name, — Conrad*  in  1856  described  a  series  of  calcareous,  fossil- 
bearing  clays  typically  exposed  at  Jackson,  Miss.,  and  applied  to  them 
the  name  Jackson.  Subsequently,  the  deposits  have  been  traced  with 
certain  interruptions  from  North  Carolina  to  eastern  Texas.* 

Areal  distribution, — In  Arkansas  the  Jackson  formation  outcrops 
in  the  base  of  Crowleys  Ridge  to  a  probable  maximum  height  of 
100  feet  above  the  level  of  the  lowlands,  from  the  northern  part  of 

» Conrad,  T.  A..  Acad.  Nat.  Scl.  Philadelphia  Proc.,  vol.  7,  1854-55,  p.  257,  1856. 

*  The  more  Important  papers  relating  to  the  Jackson  formation  are  listed  below. 

Hllgard,  E.  W.,  A  report  on  the  geology  and  agriculture  of  the  State  of  Mississippi,  pp. 
128-135,  1860. 

Hllgard.  £.  W.,  On  the  Tertiary  formation  of  Mississippi  and  Alabama :  Am.  Jour.  Scl., 
2d  ser..  vol.  43,  pp.  29-33.  1867. 

Hellprin,  Angelo,  On  the  relative  ages  and  classification  of  the  post-Eocene  Tertiary 
deposits  of  the  Atlantic  slope :  Acad.  Nat.  Sci.  Philadelphia  Proc,  p.  184,  1882. 

Heilprln,  Angelo,  The  Tertiary  geology  of  the  eastern  and  southern  United  States: 
Acad.  Nat.  Sci.  Philadelphia  Jour.,  vol.  9,  pp.  116,  120,  145,  147-148,  1884. 

Heilprln  Angelo.  The  Tertiary  geology  of  the  eastern  and  southern  United  States, 
p.  87.    Published  by  the  author,  Philadelphia,  1884. 

Meyer,  Otto,  The  genealogy  and  the  age  of  the  species  in  the  southern  old  Tertiary : 
Am.  Jour.  8cl.,  3d  ser.,  vol.  30,  pp.  421-435.  1885. 

Aldrlch,  T.  H.,  Observations  upon  the  Tertiary  of  Alabama :  Am.  Jour.  Sci.,  3d  ser.,  vol. 
30.  pp.  300-308,  1885. 
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St.  Francis  County  southward  nearly  to  the  southern  extremity  of 
the  ridge  in  Phillips  County.  South  of  Arkansas  River  the  terrane 
appears  in  Jefferson^  Ldnodn,  Cleveland,  Drew,  and  Bradley 
counties,  Ai^ 

StraUgraphic  relations. — ^In  Crowleys  Kidge  the  Jackson  forma- 
tion rests  upon  the  Claiborne  formation  and  is  overlain  unconform- 
ably  by  the  Lafayette  formation.  The  contact  between  the  Jackstm 
and  Lafayette  formations  is  very  irregular,  and  varies  in  vertical 
position  from  near  the  level  of  the  base  of  the  ridge  to  at  least  100 
feet  above  that  datum  plane.  The  gravels  and  sands  of  the  Lafay^ 
formation  and  the  loess  that  caps  the  ridge  have  found  their  way 
down  the  slopes  by  redeposition,  creep,  and  landslides,  and,  except  io 
ravines  and  stream  bluffs,  have  almost  completely  blanketed  tiie 
Jackson  formation. 

Lithologic  character. — ^The  Jackson  formation  in  Crowleys  Ridge 
consists  of  regularly  and  irregularly  bedded,  interstratified  sands, 
clays,  and  fossilif erous  marls  of  shallow-marine  origin.  Where  the 
materials  are  unoxidized  the  colors  range  from  light  gray  to  dark 
greenish  or  bluish  gray ;  where  oxidation  has  taken  place  the  mate- 
rials are  variegated  with  red,  pinik,  yellow,  and  brown.  The  sands 
are  massive  to  cross-bedded,  vary  in  texture  from  fine  to  coarse,  and 

Aldrlch.  T.  H.,  Notes  on  the  distribnUon  of  Tertiary  fomils  in  Alabama  and  Mississippi: 
Cincinnati  Soc.  Nat  Hist.  Joor^  yol.  8,  pp.  256-257,  1886. 

Smith,  E.  A.,  and  Jolmson,  L.  C,  Tertiary  and  Cretaceous  strata  of  the  ToscalooM. 
Tombigbee,  and  Alabama  rivers :  U.  S.  Geol.  Survey  Bnll.  43,  pp.  l»-25,  1887. 

Langdon,  D.  W.,  Variations  in  the  Cretaceous  and  Tertiary  strata  of  Alabama;  OcoL 
Soc  America  Bull.,  voL  2,  p.  588,  1891. 

Clark,  W.  B.,  Correlation  papers ;  Bocene :  U.  8.  Geol.  Survey  Bull.  83,  pp.  68,  76, 1S91. 

Spencer,  J.  W.,  Geological  report  on  southwest  Georgia:  Georgia  GeoL  Survey*  ^^ 
Bept  Progress,  pp.  51-^3,  1891. 

McGee,  W  J,  The  Lafayette  formation :  U.  8.  GeoL  Survey  Twelfth  Ann.  Rept,  pt  L 
pp.  412-413,  1891. 

Smith,  E.  A.,  Phosphate  and  marls  of  Alabama:  Alabama  GeoL  Survey  BnlL  2,  pp* 
53-55,  1892. 

Harris,  G.  D.,  The  Tertiary  geology  of  southern  Arkansas :  Arkansas  Geol.  Survey  Ass. 
Bept.  for  1892,  vol.  2,  pp.  87-176,  1894. 

Smith,  E.  A.,  Langdon.  D.  W.,  and  Johnson,  L.  C,  On  the  geology  of  the  Coastal  Pltln 
of  Alabama,  pp.  107-122,  376-385,  Alabama  Geol.  Survey,  1894. 

Vaughan,  T.  W.,  The  stratigraphy  of  northwestern  Louisiana :  Am.  eulogist,  voL  15. 
pp.  221-223,  1895. 

Vaughan,  T.  W.,  A  brief  contribution  to  the  geology  and  paleontology  of  northwesten 
Louisiana :  U.  S.  Geol.  Survey  BuU.  142,  p.  22,  1896. 

Dall,  W.  H.,  A  table  of  the  North  American  Tertiary  horisons,  correlated  with  one  to- 
other and  with  those  of  western  Europe,  with  annotations :  U.  S.  GeoL  Survey  EigbteeBtb 
Ann.  Bept.,  pt  2,  p.  342,  1898. 

Harris,  G.  D.,  and  Veatch,  A.  C,  A  preliminary  report  on  the  geology  of  LouiiliB*' 
Louisiana  Geol.  Survey,  pt  5,  pp.  89-93,  1899. 

Vaughan,  T.  W.,  The  Eocene  and  lower  Oligocene  coral  faunas  of  the  United  States: 
U.  S.  Geol.  Survey  Mon.  39,  p.  80,  1900. 

Veatch,  Otto,  and  Stephenson,  L.  W..  Tertiary  and  Quaternary  [Georgia]  :  G€0«U 
Geol.  Survey  Bull.  26,  pp.  296-306,  1911. 

Vaughan,  T.  W.,  [Eocene  and  Oligocene  of]  Texas,  Louisiana,  and  Arkansas:  ^'  ^ 
Geol.  Survey  Prof.  Paper  71,  pp.  727,  728,  1912. 

Vaughan,  T.  W.,  [Eocene  and  Oligocene  ofl  south  Atlantic  and  eastern  Gulf  Coastil 
nnd  north  end  of  Mississippi  embayment :  U.  S.  Geol.  Survey  Prof.  Paper  71.  PA 
.  1912. 
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in  places  contain  small  pebbles.  The  clays  are  massive  to  thinly 
stratified  or  laminated.  The  marls  consist  of  calcareous  and  glau- 
conitic  sands  or  clays  which  in  places,  as  on  Little  Crow  Creek  east 
of  Forrest  City,  contain  many  fossil  shells. 

Particles  and  fragments  of  lignite  are  common  in  the  formation 
and  thin  layers  of  lignite  have  been  observed  at  a  few  places. 

Strike^  dip,  and  thickness. — From  the  general  structure  of  the 
Coastal  Plain  in  the  Mississippi  embayment  it  is  believed  that  the 
strata  composing  the  Jackson  formation  in  Crowleys  Kidge  strike 
approximately  northeast  and  southwest.  From  the  data  afforded  by 
well  records  it  is  estimated  that  the  beds  dip  to  the  southeastward  at 
a  rate  which  probably  does  not  exceed  5  feet  a  mile. 

The  thickness  of  the  formation  has  not  been  determined,  but  it 
probably  does  not  exceed  200  feet  in  northeastern  Arkansas. 

Physiographic  expression. — From  Cross  County  southward  to  its 
southern  extremity  Crowleys  Kidge,  in  so  far  as  its  existence  is  due  to 
the  resistance  to  erosion  offered  by  the  strata  composing  the  Jackson 
formation,  is  a  topographic  expression  of  that  formation.  However, 
the  present  details  of  the  surface  have  been  determined  largely  by  the 
Lafayette  formation  and  the  loess  which  form  the  capping  materials 
of  the  ridge. 

Paleontologic  character. — ^The  basal  portion  of  the  Jackson  forma- 
tion in  Crowleys  Kidge  contains  fossil  moUusks  ranging  from  poorly 
to  well  preserved.  The  most  abundant  species,  Ostrea  alabamiensis 
Lea,  and  the  species  Modiola  hamatoides  Call,  together  with  some  of 
the  less  common  species,  indicate  that  the  containing  materials  were 
deposited  in  shallow  marine  waters.  An  abundant  molluscan  fauna 
is  contained  in  the  basal  22  feet  of  the  section  at  White  Bluff  on 
Arkansas  Kiver,  Jefferson  County. 

Lignite,  in  places  segregated  into  thin  beds,  is  common  in  the 
formation,  and  this  also  points  to  the  shallow-water  origin  of  the 


Fossil  mollusks  and  Foraminifera  have  been  obtained  from  the 
Jackson  formation  in  a  well  boring  near  Helena,  Phillips  County 
(see  pp.  82,  83),  and  from  well  borings  at  Choctaw  Bar,  Desha 
County.  Lists  of  fossils  from  the  several  localities  mentioned  are 
given  on  pages  78,  80,  and  83. 


LOCAL  DETAILS. 


Prom  Cross  County  southward  the  east-facing  slope  of  Crowleys 
Kidge  is  much  steeper  than  the  west-facing  slope,  a  condition  pro- 
duced by  the  erosive  action  of  St.  Francis  Kiver,  which  at  numerous 
places  has  cut  against  the  foot  of  the  ridge;  the  natural  exposures 
which  show  the  most  complete  sequence  of  strata  are  all  in  this  steep, 
east-facing  slope  or  in  the  deep  ravines  which  cut  the  slope.  A  few 
of  the  more  interesting  sections  and  well  logs  are  given  in  detail. 


( 
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Call  ^  has  given  a  large  amount  of  detailed  information 
this  part  of  Crowleys  Bidge. 

St,  Francis  County. — ^The  most  northerly  observed  espooil^ibat 
is  believed  referable  to  the  Jackson  formation  is  in  the 
slope  of  the  ridge  8  or  9  miles  northeast  of  Forrest  City,  Stm\ 
cis  County,  and  has  been  described  by  Call,*  who  says : 

A  section  studied  in  the  SE.  i  of  the  NW.  1  sec.  29,  T.  6  N.,  R.  4  Kit  a 
point  where  St  Francis  River  flows  directly  against  the  ridge  and  wifB$  a 
sharp  turn  to  the  south,  shows  the  sequence  of  strata  from  a  heii^  ^  155 
feet  above  it  down  to  the  river  level.  ♦  ♦  ♦  For  the  greater  part  the  fiBdoo 
is  nearly  or  quite  vertical,  and  is  mainly  continuous  from  the  loess  top  «JF  die 
ridge  to  the  Eocene  clays  at  the  water's  level. 

Call's  section  is  in  substance  as  follows: 

Section  on  St.  Francis  River  8  or  9  miles  northeast  of  Forrest  City. 

Pleistocene :  Feet. 

Loess 60 

Pliocene  (?)  (Lafayette  formation  in  whole  or  in  part) : 

Sands  and  gravels  with  large  masses  of  chert  and  some 

red   pipe   clay 40 

Eocene  (Jackson  formation) : 

Bluish  or  black  stratified  clays  without  fossils  other  than 
abundant  small  pieces  of  lignite 65 

The  only  natural  exposure  of  the  formation  in  Crowleys  Bidge  that 
has  fumi^ed  important  paleontologic  data  is  a  nearly  vertical  north- 
facing  bluff  on  Little  Crow  Creek  in  St.  Francis  County,  about  a  mile 
south  of  west  of  Madison,  about  one-eighth  mile  south  of  the  Chicago, 
Bock  Island  &  Pacific  Bailway,  and  about  3  miles  east  of  Forest  City. 
(See  PI.  VII,  A  and  B.)    The  section  is  as  follows: 

Section  on  Little  Crow  Creek  near  Madison,  St.  Francis  CowUif, 

Pleistocene  (loess) :  Feet 

9.  Gray  massive  loess  which  stands  in  a  vertical  difT; 

grades  downward  into  next  layer 40 

8.  Dark-hrown  fades  of  loess,  the  so-caUed  old  soil  zone; 
grades  downward  into  next  layer 3 

7.  Yellowish  fades  of  loess;  grades  downward  into  next 
layer 7 

0.  Gray  facies  of  loess,  containing  concretions  of  caldum 
carbonate;  becomes  light  gray  and  sandy  in  lower 
portion  and  appears  to  grade  downward  into  next 
layer ;  contains  fossil  sheUs,  chiefly  of  land  moUusks, 
in  lower  10  feet  (see  list.  p.  78) 15 

5.  Light-gray  fine  to  medium  grained  argillaceous  sand 
with  subordinate  lenses  of  gravel  and  scattered  peb- 
bles; locally  ferruginous  with  numerous  small  limo- 
nite  concretions 5 

« Call,  R.  E.,  The  geology  of  Crowleys  Ridge :  Arkansas  Oeol.  Survey  Ann,  Rept  '<* 
1889,  vol.  2,  pp.  36-57,  143-183,  1891. 
'Idem,  p.  56. 
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A.  FOSSILIFEROUS  CLAY  OF  THE  j^Cr.^OU  FORMATION  OVERLAIN  IN  ASCENDING  ORDER  BY 
UNFOSSILIFEROUS  SANDS  AND  CLAYS  OF  THE  SAME  FORMATION.  THE  LAFAYETTE  FORMA- 
TION, AND  THE  LOESS.  ON  LITTLE  CROW  CREEK  3  MILES  EAST  OF  FORREST  CITY,  ST. 
FRANCIS  COUNTY. 


B.    NEAR  VIEW  OF  THE  BASE  OF  THE  BLUFF  ON  LITTLE  CROW  CREEK  SHOWN  IN  PLATE  Vil,  A. 
The  successive  positions  of  oyster  beds  as  deposition  continued  are  indicated  by  the  black  Mnei  (a). 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


GEOLOGY. 


77 


Feet. 
The  contact  as  exposed  at  several  places  is  sharp  and  prob- 
ably is  an  unconformity. 
Pliocene  (?)  (Lafayette formation) : 

4.  Heavy  bed  of  gravel  composed  chiefly  of  brown  and 
gray,  angular  to  partially  rounded  pebbles  of  flint 
and  chert  up  to  12  inches  in  length,  with  a  small  per- 
centage of  white,  clear,  or  pink,  smoothly  rounded 
pebbles  of  quartz  up  to  1  inch  in  length ;  the  pebbles 
and  cobbles  are  in  a  matrix  of  coarse,  gray,  yellow, 

and  brown  sand 6 

Unconformity. 

Eocene  (Jackson  formation) : 

3.  Fine  gray  sand  with  a  few  small  lenses  of  light-drab 

clay 7 

2.  Llght-drab  laminated  clay  with  seams  and  thin  lenses 

of  light-gray  fine  sand 7 

1.  Dark-gray  compact  laminated  sandy  clay  with  inter- 
bedded  layers,  lenses,  and  pockets  of  compact  dark 
greenish  gray  argillaceous,  slightly  glauconitic  sand ; 
contains  comminuted  particles  of  lignite  and  scattered 
larger  pieces  of  lignite;  Interbedded  with  the  clay  In 
the  lower  15  feet  are  lenses  and  layers  of  large  oysters 
(see  PI.  VII,  B,  and  fig.  2)  with  an  admixture  of 
other  smaller  forms;  an  oxidized  zone  extends  along 
the  upper  2  feet  of  the  bed 20 

"lio 

The  accumulaticms  of  oysters  in  layer  No.  1  (see  PL  VII,  B  (a), 
and  fig.  2)  mark  the  successive  positions  of  the  beds  of  living  oysters 
which,  as  deposition  continued,  advanced  and  retreated  in  response 
to  fluctuating  favorable  and  unfavorable  conditions. 

J  Lafayette  formation  (grevel)-  J 


Sands  and  clays 
(layers  Nos.  Z  and  3  of  section) 


V34' 


oo 


5o 


PiocBS  2. — Sketch  to  show  the  successive  positions  of  oyster  beds  (a)  as  deposition  con- 
tinued, as  revealed  in  the  base  of  the  bluff  on  Little  Crow  Creek,  St.  Francis 
County. 

The  marl  bed,  layer  No.  1  of  the  section,  was  examined  by  Owen  ^ 
as  early  as  1860  and  was  correlated  by  him  with  the  Eocene. 

In  1902  Harris^  discussed  the  age  of  the  marl  and  referred  it 
provisionally  to  the  Jackson  formation. 

'  Owen,  D.  D.,  Second  report  of  a  geological  reconnaissance  of  the  middle  and  southern 
counties  of  Arkansas,  pp.  412-420,  1S60. 
'  See  quotation  on  pp.  80-81  of  this  report 
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In  1895  T.  Wayland  Vaughan  collected  and  identified  the  following 
species  from  layer  No.  1 : 

FoBSils  from  Little  Crow  Creek,  St.  FranciB  County. 


Trinacria  sp.  (also  at  Glaibome). 
Area  sp. 

Ostrea  alabamiensis  Lea  (abundant). 
Mytilus  hamatoides  C!all. 
Venericardla  planicosta  Lamarck. 
Venerlcardla  parva  Lea. 
dJytherea  discoidalls  Ck)nrad. 
Lucina  papyracea  Lea. 


Mazzalina  inaurata  Ck>nrad. 
Pseudoliva  vetusta  (Conrad). 
Buccinanops  subglobosum  (Ck)nrad). 
Odostomia  sp. 
Symola  sp.  1. 
Syrnola  sp.  2. 

Lunatia  eminula  (Ck)nrad). 
Turritella     nrenicola     var.     branneri 
Harris. 

Nearly  all  the  species  listed  are  common  to  the  Claiborne  and  the 
Jackson.  Both  Harris  and  Vaughan  are  of  the  opinion  that  this 
marl  corresponds  in  stratigraphic  position  to  the  marl  exposed  at  the 
base  of  White  Bluff,  Arkansas  Eiver,  which  Harris  has  shown  to  be 
of  Jackson  age. 

From  the  deep  cut  east  of  Forrest  City  eastward  along  Little 
Crow  Creek  toward  Madison,  in  descending  order,  2  or  3  feet  of 
greenish  sand,  several  feet  of  very  lignitic  clay,  and  several  feet  of 
gray  stratified  compact  sand,  which  belong  to  the  Jackson  forma- 
tion, are  exposed  in  the  bed  of  Little  Crow  Creek  near  the  railroad 
track.  A  partially  lignitized  and  partially  silicified  log,  2J  feet  in 
diameter,  was  observed  in  the  lignitic  layer. 

PhUlipa  County. — Some  of  the  numerous  well  borings  in  the 
vicinity  of  Helena  throw  light  on  the  geology  of  the  northeastern  part 
of  Phillips  County.  Logs  of  four  such  borings  are  given  on  pages 
237-238.  Especial  attention  is  called  to  the  log  of  the  boring  on 
Crowleys  Ridge  near  Helena,  made  under  the  auspices  of  the  Missis- 
sippi River  Commission,  and  known  as  "boring  No.  2^  Helena."' 
Fossil  moUusks  taken  from  this  well  between  the  depths  171.3  and 
231.3  feet  were  reported  upon  by  Hilgard  as  follows: 

The  fosslllferous  clay  and  marl  bed,  171.3  to  231.3  [feet],  with  Its  Intercalated 
layer  of  bluish.  Impure  limestone,  is  very  distinctly  characterized  as  Tertiary  of 
the  (marine)  Claiborne  group  by  the  well-preserved  specimens  of  the  following 
shells:  Monoceroa  vetustas  Lea,  Actaeon  lineatua  Lea,  Nucula  magna  Lea. 
Dentalium  turritum  Lea,  or  mieroatriatum  Heiler,  Natica  minima  Lea,  N,  magno- 
umbUicata  Lea,  Pleurotoma  Umndalii  Lea;  there  Is  I>e8ide8  an  undescribed 
Pleurotoma,  Flabellum,  and  Retepora. 

Concerning  the  correlation  of  these  beds  Hilgard  further  says:* 

Such  as  they  are,  however,  these  fossils  overwhelmingly  demonstrate  the 
close  correspondence  of  the  beds  penetrated  at  Helena  and  Choctaw  Bar  (whose 

1  Hilgard,  B.  W.,  U.  8.  Mississippi  River  Commission  Ann.  Rept.  for  1883,  Appendix  TT 
of  the  Ann.  Rept.  of  the  Chief  of  Engineers  for  1884.  pp.  2892-2894.  (Published  also  a« 
House  Bx.  Doc.  37,  48th  Cong.,  pp.  486-488,  1884.) 

•Idem,  p.  2886.     (House  Ex.  Doc  37,  48th  Cong.,  p.  488,  1884.) 


Digitized  by  VjOOQIC 


GEOLOGY.  79 

fades  is  altogether  identical)  with  the  lower  portion  of  the  Claiborne  beds  of 
Alabama ;  perhaps  most  nearly  with  those  older  ones  which  Dr.  Eugene  A. 
Smith,  State  geologist  of  Alabama,  has  lately  examined  at  and  near  Woods 
BIofT,  Ala.,  and  which  rest  directly  upon  the  oldest  lignitic  and  flatwoods  clays. 

Although  Hilgard  correlated  the  shell-bearing  beds  penetrated  in 
the  Helena  boring  with  the  lower  Claiborne,  Harris/  has  shown  that 
the  strata  are  younger  and  belong  to  the  Jackson  formation. 

This  correlation  accords  with  Vaughan's  reference  of  the  Crow 
Creek  marl  to  the  lower  Jackson  (p.  78),  for  from  considerations 
based  on  the  general  structure  of  the  Mississippi  embayment  it  seems 
improbable  that  the  marl  penetrated  in  the  Helena  well  should  be 
stratigraphically  lower  than  the  marl  on  Little  Crow  Creek. 

ArkaTisas  River  localities. — Outside  of  Crowleys  Ridge  the  only 
surface  occurrences  of  the  Jackson  formation  in  the  area  under  im- 
mediate consideration  are  on  Arkansas  River  in  Jefferson  County. 
The  most  noted  locality  is  White  Bluff,  which  has  been  described  by 
Call'  and  by  Harris.* 

Harris  says  (p.  88) : 

In  Volume  II  of  the  annual  report  of  the  CJeological  Survey  of  Arkansas  for 
1889,  Prof.  Call  defines  this  locality  as  on  the  south  side  of  Arkansas  River, 
3  S.,  10  W.,  sec.  19,  W.  \  of  SW.  I  and  NW.  1  of  NW.  1  of  sec.  30.  He  gives  a 
section  consisting  of  10  distinct  beds  aggregating  125  feet  in  thickness,  which 
"  was  observed  400  feet  west  of  a  deep  gulch  which  cuts  through  the  entire  sec- 
tion at  right  angles  to  the  face  of  the  bluff,  directly  opposite  the  house  of  J.  Wal- 
lace at  White  Bluff  I^andlng."  The  lower  40  feet  of  this  section  he  found  to  be 
fosslliferous.    ♦     ♦    ♦ 

This  classic  locality  was  visited  by  the  writer  on  the  19th  and  20th  of  Novem- 
ber, 1891,  when  the  waters  of  Arkansas  River  had  been  unusually  low.  Figure 
16    •    ♦    ♦    represents  the  bluff  at  the  gulch  referred  to  by  Prof.  Call. 

Harris's  description  of  the  highest  portion  of  the  section  figured 
by  him  is  essentially  as  follows : 

Section  of  White  Bluff,  Arkansas  River,  Jefferson  County. 

Feet. 

a.  Light-colored  sand 5-10 

b.  Line  of  chert  pebbles ? 

c.  Soil  and  sand 8 

d.  Light-grayish  sandy  clay 9 

e.  Very  light  pink  colored  clay,  containing  numerous  well- 

preserved  dicotyledonous  leaves 8 

/.  Similar  to  layer  "i" 9 

Q*  Dark  lignitic  clays,  containing  two  bands  of  lignite,  sep- 
arated from  the  overlying  bed  by  a  seam  of  pure  lignite 

from  3  to  6  inches  thick 5-9 

Unconformity. 

'  See  quotation  on  p.  83  of  this  report. 

"Call,  R.  B.,  Arkansas  Oeol.  Survey  Ann.  Kept,  for  1889,  vol.  2,  pp.  7-9,  1891. 

*  Arkansas  Geol.  Survey  Ann.  Bept.  for  1892,  vol.  2,  pp.  87-94,  1894. 
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h.  White  sand,  stained  yellowish  in  places 4^ 

i.  Evenly  laminated  dark  lignitic  and  more  or  less  sul- 
phurous shaly  clay;  between  this  bed  and  the  former 
are  occasional  ferruginous  concretions 11 

/.  Dark-bluish  sandy  marl,  containing  an  abundant  molluscan 

fauna  in  its  lower  portion 22 

Harris  says  further  (p.  91) : 

In  tracing  these  various  beds  down  the  river  from  White  Bluff,  they  \«rere 
observed  to  be  fairly  persistent  and  to  decline  sufficiently  in  this  direction  to 
carry  the  lower  bed  j  beneath  the  water  within  a  distance  of  H  miles.  Near 
the  lower  end  of  the  bluff  one  feature  is  especially  prominent,  namely,  the 
line  of  chert  pebbles.  Prof.  Call,  as  remarked  above,  laid  special  stress  on 
the  singular  absence  of  such  pebbles  in  situ  along  this  bluff;  he  probably  did 
not  visit  this  portion  of  the  escarpment.  A  few  hundred  yards  below  the  place 
represented  in  figure  16,  huge  angular  blocks  of  bed  e,  or  the  leaf-bearing  pink- 
ish clay,  have  broken  off  and  fallen  to  the  base  of  the  bluff.  Vast  quantities 
of  leaf  impressions  were  observed  in  them. 

From  the  lowermost  layer  of  the  section,  Harris  identified  the  fol- 
lowing species: 


Ostrea  sp. 

Nucula  magnifica  Conrad  (small). 

Leda  albirupina  Harris. 

Venerlcardia  planicosta  Lamarck. 

Cytherea  discoidalis  Conrad. 

Telllna  sp. 

Corbula  nasuta  Conrad  var. 

Mactra  albirupina  Harris. 

Dentaliura  mlnutlstratum  Gabb. 

Actaeon  pomillus  Conrad. 

Bullinella    Jacksonensis    Harris    var. 

exta. 
Terebra  sp. 
Pleurotoma  near  P.  lonsdalii  Lea. 


Pleurotoma  near  P.  childrenl  Lea. 

Cancellaria  impressa  Conrad. 

Volutllithes  petrosus  Conrad. 

Mitra  millingtoni  Conrad. 

Pseudoliva  vetusta  Conrad. 

Mazzalina  inaurata  Conrad. 

Levlfusus  branneri  Harris. 

Fusus  sp. 

Phos  albirupina  Harris. 

Turritella     arenlcola     var.     branneri 

Harris. 
Turritella  clevelandia  Harris. 
Solarium  bellastriatum  Coiu'ad. 
Natica  eminula  Conrad. 


Discussing  these  fossils,  Harris  says: 

The  general  aspect  of  this  fauna  is  indeed  Claibornian,  as  was  suggested  by 
Heilprin  and  maintained  more  confidently  by  Call. 

Yet  the  presence  of  such  forms  as  Solarium  bellastriatumy  Mitra  mUlingtoni, 
and  BuUitiella  jacksonensis  var.,  show  that  the  fauna  is  uppermost  Claibornian 
or  perhaps  transitional  between  that  and  the  Jackson.  The  most  common 
fossils  obtained  at  this  locality  are:  Venericardia  planicosta,  Turritella  aren- 
icola  var.  branneri,  Mazzalina  inaurata,  Pseudoliva  vetusta,  Cytherea  discoidalis, 
and  Volutilithes  petrosus,  all  of  which  are  found  in  Arkansas  associated  with 
typical  Jackson  fossils,  as  will  be  shown  further  on. 

In  1892  Harris/  in  discussing  the  Arkansas  River  localities,  said : 

At  the  time  of  WTiting  my  report  on  the  Tertiary  of  Arkansas  (1892),  I  felt 
strongly  inclined  to  refer  the  fossiliferous  beds  at  White  Bluff,  on  Arkansas 
River,  to  the  Jackson;  yet  they  had  always  been  referred  to  the  Claiborne, 

» Harris.  G.  D.,  The  geology  of  the  Mississippf  embayment,  with  especial  reference  to 
the  State  of  Louisiana :  Louisiana  Geol.  Survey,  pt.  6,  p.  22,  1902. 
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and  there  seemed  not  enough  positive  evidence  In  favor  of  the  Jackson  affinities 
to  entirely  warrant  the  change.  Since  then  some  of  the  new  or  supposedly  new 
species  from  White  BlulT  have  been  found  in  abundance  at  Jackson,  Miss.,  and 
at  well-developed  Jackson  beds  throughout  Jjouisiana  and  east  Texas.  The  Red 
Bluff  beds,  upstream  a  few  miles  from  White  Bluff,  seem  to  be  of  the  same 
horizon ;  and  although  I  have  not  visited  Crowleys  Ridge  personally,  I  feel  quite 
confident,  from  Call's  description  of  the  beds  and  associated  fossils,  together 
with  his  correlations,  that  all  should  be  placed  in  one  and  the  same  group. 
Accordingly  the  map  of  the  Embayment  area,  as  herewith  published,  shows  the 
Jackson  for  the  first  time  with  its  most  probable  northern  distribution. 

Call^  describes  a  locality  at  Red  Bluff,  on  Arkansas  River,  as 
follows : 

There  is  an  instructive  section  at  Red  Bluff,  Jefferson  County,  in  3  S.,  11  W., 
NB.  i  of  SE.  i  sec.  12.  At  this  locality  there  is  exposed  a  section  about  five- 
eighths  of  a  mile  in  length ;  the  highest  point,  where  the  section  was  observed, 
is  276  feet  above  mean  tide  level.  It  is  at  the  ferry,  which  Is  half  a  mile  east 
of  the  western  limit  of  the  exposure.  The  section  is  best  exhibited  in  a  gully 
which  enters  the  river  at  right  angles  to  the  face  of  the  cliff.  All  the  strata 
seen  are  horizontal. 

Call's  section  is  in  substance  as  follows : 

Section  at  Red  Bluff,  Arkansas  River,  Jefferson  County, 

Eocene  (Jackson  formation)  :  p^^^ 

Light-colored  fine,  very  sandy  humus,  with  scattered 
chert  pebbles  up  to  one-half  inch  in  diameter 0. 5 

Soft  light-yellow  argillaceous  sand,  becoming  darker 
below;  contains  numerous  nodules  of  llmonite 2.5 

Dark  carbonaceous  earthy  clay  of  varying  thickness,  less 
sandy  than  the  overlying  layer ;  resembles  an  old  soil—      .  5 

Irregularly  stratified  mottled  sands  and  clays,  light- 
yellow  and  brick-red  predominating,  with  an  occasional 
small  pocket  of  white  sand 4 

Irregularly  bedded  sandstone  forming  a  vertical  and  Jut- 
ting face,  thickest  and  hardest  100  feet  west  of  the 
ferry;  weathering  on  the  upper  surface,  which  oc- 
curred previous  to  the  deposition  of  the  overlying 
layer.  Is  evidenced  by  potholes,  ridges,  etc. ;  the  lower 
part  of  the  sand  Is  more  regularly  stratified  than  the 
upper  part,  and  is  of  a  brick-red  color.  Detached 
masses  at  the  foot  of  the  bluff  contain  pockets  of  pure 
white  vitreous  sand  and  very  bright  yellow  and  red 
potter*s  clay.  Some  of  the  layers  of  sandstone,  espe- 
cially the  upper  part,  contain  very  hard  tubes  ce- 
mented with  oxidized,  manganiferous  iron  containing 
white  sand 10.5 

Soft  yellow  to  reddish  sand,  with  masses  of  bluish  and 
yellowish  potter's  clay,  becoming  hard  and  intensely 
red  at  base 8 

1  Call,  R.  E.,  Arkansas  Geol.  Survey  Ann.  Kept,  for  1889,  vol.  2,  pp.  10-13,  1891. 
11674**— wsp  899—16 6 
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Eocene  (Jackson  fonnation)— Continued.  Feet 
Fine  dark  to  black,  irregularly  stratified,  slightly  sandy 
day,  with  much  selenite,  chiefly  in  the  form  of  star- 
shaped  clusters,  up  to  several  inches  In  length 20 

Dark-brown  fosslliferous  sandstone,  with  unidentifiable 
fossils ;  the  cement  of  the  sandstone  is  iron  oxide ;  the 

layer  forms  a  Jutting  ledge  along  the  bluff .  5 

Light-bluish,  slightly  sandy  clay,  containing  numerous 
needle-like  and  stellate  crystals  of  selenite,  especially 
abundant  toward  the  basal  portion 23 

Call  says,  further: 

The  Eocene  Ostrea  bed,  or  shell  marl,  which  usually  underlies  this  member 
of  the  Tertiary  in  all  Arkansas  outcrops,  is  to  be  seen  at  low  water  near  tbe 
west  end  of  this  bluff.  Close  by  the  point  of  the  above  section  a  nodulous  sandy 
marl  similar  to  that  at  White  Bluff  and  having  the  same  fossils  was  observed, 
but  its  stratigraptiic  relations  could  not  be  determined  because  of  the  very 
heavy  talus.  It  is  thought  that  this  marl  bed  is  not  quite  horizontal  in  any 
portion  of  the  region  examined  from  the  fact  that  it  is  seen  at  times  rathw 
high  up  in  sections,  and  again  it  occurs  only  as  lenticular  masses  in  the  bottom 
of  streams  and  gullies.  It  is  not  a  constant  member  of  either  this  section  or  of 
that  at  White  Bluff,  appearing  only  at  points  in  theuL 

Quotations  from  a  paper  by  Gilbert  D.  Harris  on  the  "  ©eology  of 
the  Mississippi  embayment,"  which  contains  a  discussion  of  the  corre- 
lation of  the  White  Bluff  and  Red  Bluff  sections,  are  given  on 
pages  79-81. 

COBRELATION. 

The  Eocene  strata  which  outcrop  in  Crowleys  Bidge  from  the 
northern  part  of  St.  Francis  County  southward  nearly  to  the  south- 
em  extremity  of  the  ridge  in  Phillips  Coimty  are  correlated  witii 
the  Jaclison  formation  on  the  evidence  of  fossils  obtained  from  an 
exposure  of  marl  on  Little  Crow  Creek,  about  3  miles  east  of  Forrest 
City,  and  from  a  boring  at  Helena.  The  Eocene  age  of  the  marl  was 
recognized  by  Owen  ^  as  early  as  1860. 

The  Jackson  age  of  the  bed  was  first  suggested  by  Harris,  whose 
discussion  of  the  subject  is  given  in  a  quotation  on  pages  80-81  of  this 
report. 

The  first  positive  determination  of  the  age  of  the  marl  on  Little 
Crow  Creek  was  that  of  T.  Wayland  Vaughan,  who  collected  and 
identified  the  species  listed  on  page  78 ;  he  correlates  the  bed  with  the 
marl  at  the  base  of  White  Bluff,  which  Harris  has  determined  to  be 
of  Jackson  age. 

The  fossils  from  the  boring  at  Helena  were  first  referred  by  Hil- 
gard  to  the  lower  part  of  the  Claiborne  formation  but  were  later 
shown  by  Harris  to  include  characteristic  Jackson  species.  Harris - 
says: 

»  Second  report  of  a  geological  reconnaissance  of  the  middle  and  soothem  counties  of 
Arkansas,  pp.  412-420,  1860. 

«  Geology  of  the  Mississippi  embayment :  Louisiana  Geol.  Survey,  pt.  6,  pp.  22,  23,  1902. 
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It  should  be  mentioned  in  this  place  that  we  have  had  access  to  Hilgard*s 
type  specimens  from  Helena  [from  the  boring  Just  mentioned]  and  Choctaw  Bar 
[from  four  borings],  and  have  found  that  his  specific  determinations  of  mol- 
luscan  fossils  is  not  of  the  most  satisfactory  kind.  The  species  are  the  same 
In  general  as  at  White  Bluff,  Ark.,  hence,  as  shown  above,  of  Jackson  age. 

In  a  footnote  Harris  lists  the  following  species  from  the  borings 
at  Helena  and  Choctaw  Bar: 


Helena,  boring  No,  2. 

Dentalium  (very  nearly  smooth  but 
with  traces  of  longitudinal  stria- 
tion). 

Volutilithes  petrosus  Conrad  (frag- 
ments). 

Corbula  waileslana  Harris. 

Corbula  sp. 

Phos  him  Harris  (var.). 

Pseudoliva  vetusta  ( Conrad ) . 

Pleurotoma  dentlcula  Basterct. 

Actseon  sp. 

Natica  sp. 

Choctaw  Bar,  boring  No.  1, 

Venerlcardia  planlcosta  Lamarck. 

Dentalium  (as  at  Helena ) . 

Cadulus  sp. 

Pleurotoma  sp. 

Actseon  sp. 

Tarritella  (very  small,  unicarlnate  at 

base). 
Phos  hilli  Harris. 

Choctau)  Bar,  boring  No.  2. 

Phos  him  Harris. 
NaUca  (smaU). 
Pleurotoma  Infans  Meyer. 


Levlfusus  tral)eatus  Harris. 

Cancellaria  sp. 

Corbula  (small), probably  C.wailesiana 

Harris. 
Turritella  clevelandla  Harris. . 
Venerlcardia  rotunda  Liea. 
Volutilithes  petrosus  0>nrad. 
Actseon  sp. 
Calyptraphorus  velatus  0)nrad  (tip). 

*       Choctato  Bar,  boring  No,  4. 

Turritella  (small,  sharply  bi-carinate). 

Phos  hilll  Harris. 

Oliva  cf.  O.  gracilis  Lea. 

Natica  (small). 

Venerlcardia  parva  Lea. 

Corbula  waileslana  Harris. 

Choctaw  Bar,  boring  No.  5. 

Pseudoliva  vetusta  (Conrad ) . 
Natica  (small). 
Pleurotoma  dentlcula  Basterot. 
Venerlcardia  planlcosta  Lamarck. 
Turritella  (tip,  bicarinate). 
Volutilithes  petrosus  Conrad. 
Ck)rbula  waileslana  Harris. 
Actseon  sp. 


The  borings  at  Helena  and  Choctaw  Bar  were  described  by  Hil- 
gard*  in  1884.  The  log  of  boring  No.  2  at  Helena  is  given  on  page 
238  of  this  report.  Choctaw  Bar  is  a  few  miles  above  Arkansas  City 
in  Desha  County,  Ark.  The  fossils  from  the  borings  at  this  place 
were  taken  at  depths  between  151  and  185.2  feet 

The  total  thickness  of  Eocene  strata  overlying  the  marl  exposed 
on  Little  Crow  Creek  and  penetrated  in  the  boring  at  Helena  prob- 
ably does  not  exceed  200  feet.  The  thickness  of  the  Jackson  forma- 
tion in  Mississippi  has  been  estimated  to  be  between  350  and  450 
feet,  aAd  if  this  is  a  correct  estimate  it  seems  reasonable  to  assume 

^  U.  8.  Mississippi  Rlrer  Commission  Ann.  Rept.  for  1883 ;  Appendix  T  T  of  the  Ann. 
Rept.  of  the  Chief  of  Engineers  for  1884,  pp.  2891-2896  (published  1884).  (Published 
also  as  House  Ex.  Doc.  37,  48th  Cong.,  pp.  486-490,  1884.) 
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that  the  100  feet  or  less  of  strata  which  overlie  the  marl  bed  of  lower 
Jackson  age  in  Crowleys  Ridge  in  St.  Francis,  Lee,  and  Phillips  coun- 
ties is  referable  to  the  Jackson  formation.  Strata  of  Jackson  age 
probably  miderlie  the  alluvium  of  Mississippi  Biver  valley  fnxn 
Helena,  Phillips  County,  to  Arkansas  City,  Desha  County. 

U  Jl  DIFF JSSENTZATED  EOCEVE. 

Undifferentiated  strata  of  Eocene  age  outcrop  in  the  upland  south- 
west of  Arkansas  River,  in  Pulaski,  Sabine,  Grant,  and  Jefferscm 
counties.  These  are  described  by  Veatch*  as  ccmsisting  of  "ligni- 
tif erous  clays  and  sands^  containing  no  distinctive  marine  fossils." 

In  the  northwestern  part  of  Lonoke  County,  east  of  Cabot  and 
south  of  Austin,  is  a  hilly  tract  of  country  rising  100  to  125  feet  above 
the  level  of  the  Advance  lowland,  or  350  to  375  feet  above  sea  leyel; 
the  exact  limits  of  the  area  have  not  been  determined,  but  the  north- 
south  extent  is  believed  to  be  10  or  12  miles  and  the  east-west  extent 
5  or  6  miles.  These  hills  appear  to  be  composed  mainly  of  coane 
reddish  ferruginous  sand,  with  subordinate  lenses  and  layers  of  drab 
clay,  reaching  a  thickness  of  100  feet  or  more.  The  weathered  sands 
form  the  main  constituent  of  the  soils,  and  the  clays  are  exposed  at 
numerous  places  along  the  roads  and  in  fields.  These  strata  overlie 
deposits  of  undoubted  Midway  age  and  are  believed  to  belong  to  the 
Eocene,  though  they  are  as  yet  undifferentiated.  (See  geologic  map, 
PL  II,  p.  30.) 

The  following  section  is  poorly  exposed  in  the  ditches  of  the 
public  road  one-half  mile  south  of  the  station  at  Austin : 

Section  in  public  road  one-half  mile  south  of  the  station  at  Austin,  Lonote 

County, 
Eocene:  BVet 

3.  Reddish,  ferruginous,  coarse  sand  witli  occasional  lenses 
of  drab  clay,  and  toward  the  base  containing  mechani- 
cally included  clay  balls;  the  materials  are  poorly 

exposed  and  much  weathered 40 

2.  Drab  weathered  clay 5 

1.  Massive,  weathered,  glauconltlc  sand;  the  glauconlte 

grains  are  partially  weathered  to  brown 4 

"IS 

In  the  Advance  lowland  west  of  Crowleys  Sidge  and  the  Missis- 
sippi lowland  east  of  Crowleys  Ridge  stratified  sands,  clays,  and 
marls  of  Eocene  age,  underlie  100  to  225  feet  of  alluvial  material, 
and  dip  away  from  the  rim  of  the  Mississippi  embayment  at  the  rate 
of  a  few  feet  a  mile.  The  Eocene  deposits  probably  reach  a  maxi- 
mum thickness  of  1,000  to  1,200  feet  or  more  within  the  area  under 
consideration,  and  they  rest  upon  deposits  of  Cretaceous  age. 

^  Veatch,  A.  C,  Geology  and  underground  water  resources  of  northern  LoulslaM  •o' 
southern  Arkansas :  U.  S.  Geol.  Survey  Prof.  Paper  46,  p.  40,  1006. 
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The  buried  Eocene  deposits  probably  represent,  in  ascending  order, 
the  Midway,  Wilcox,  Claiborne,  and  Jackson  formations.  Although 
a  number  of  well  borings  have  penetrated  the  deposits,  data  sufficient 
for  differentiating  the  several  formations  named  have  not  been  ob- 
tained. However,  considerations  of  structure  make  it  possible  in 
some  places  to  determine  with  a  fair  degree  of  certainty  the  forma- 
tion to  which  the  water-bearing  beds  belong. 

PLIOCENE   SERIES. 

LAFAYETTE  FOBXATIOir. 

QENEBAL  FEATUBES. 

Name. — ^The  name  Lafayette  is  derived  from  Lafayette  County, 
Miss.,  where  materials  once  regarded  as  typical  of  the  formation  to 
which  the  name  was  intended  to  apply  are  exposed  in  railroad  cuts 
and  natural  sections,  particularly  in  the  vicinity  of  Oxford.  The 
history  of  the  events  leading  up  to  the  adoption  of  the  name  has  been 
given  by  McGee.^  As  recent  investigations  have  shown  that  the  sor- 
called  Lafayette  formation  includes  geologic  deposits  ranging  in 
age  from  Cretaceous  to  Pleistocene,  and  as  the  deposits  at  the  type 
locality  are  of  Wilcox  Eocene  age,  the  name  is  unsatisfactory.  It  is 
tentatively  used  in  this  paper,  pending  consideration  now  being  given 
to  the  complex  of  constituents  included  in  the  formation. 

In  certain  parts  of  the  Mississippi  embayment,  including  parts  of 
Mississippi,  Tennessee,  Kentucky,  and  Illinois  east  of  Mississippi 
River,  and  Missouri  and  Arkansas  west  of  that  stream,  are  upland 
deposits  of  gravel  and  sand,  to  which  the  term  "  Orange  sands  "  was 
applied  previous  to  the  adoption  of  the  name  Lafayette  and  which 
the  name  Lafayette  was  intended  to  cover.  In  this  connection  it 
should  be  stated  that  Safford,*  who  in  1856  introduced  the  term 
"  Orange  sand,"  did  not  clearly  distinguish  between  the  gravels  and 
sands  of  later  geologic  age  and  the  underlying  Eocene  sands  and 
clays,  although  he  seems  never  to  have  fully  concurred  with  Hilgard, 
McGee,  and  others  in  regarding  his  Orange  sand  as  a  distinct  surficial 
formation.  Other  subsequent  investigators  in  Tennessee  and  Missis- 
sippi failed  to  make  the  same  distinction.  At  a  conference  ^  held  in 
San  Francisco  in  1891,  and  participated  in  by  McGee,  Hilgard,  Lough- 
ridge,  and  LeConte,  it  was  decided  that  the  name  Lafayette  should 
supplant  the  name  "  Orange  sands,"  and  the  beds  exposed  at  Oxford, 
Lafayette  C!ounty,  were  chosen  as  the  type  locality  of  the  formation. 

» McOee,  W  J,  The  Lafayette  formation :  U.  S.  Geol.  Survey  Twelfth  Ann.  Rept,  pt.  1, 
pp.  49S-502.  1891. 
*  Safford,  J.  M..  A  geolo^cal  reconnaissance  of  the  State  of  Tennessee,  p.  162,  1856. 
»U.  8.  Geol.  Survey  Twelfth  Ann.  Kept.,  pt.  1,  pp.  500-501,  1891. 
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On  the  evidence  of  fossil  plants  Berry  ^  has  recently  shown  that 
the  so-called  type  exposures  of  the  Lafayette  formation  at  Oxford 
are  of  Eocene  age  and  referable  to  the  Wilcox  formation ;  the  nanie, 
therefore,  was  unfortunately  chosen.  It  is  now  demonstrated  that 
gravel  deposits  similar  to  those  referred  to  the  Lafayette  forma- 
tion occur  as  terraces  and  valley  fillings  along  the  principal  streams 
of  the  Coastal  Plain  and  represent  geologic  formations  of  several 
different  ages.  The  differentiation,  characterization,  and  correla- 
tion of  the  terraces  and  associated  fluvial  phenomena  are  in  progress, 
but  the  studies  are  not  sufficiently  advanced  to  correlate  witli  con- 
fidence the  phenomena  of  one  area  with  those  of  another.  Therefore 
the  designation  of  certain  gravel  deposits  in  Tennessee,  Kentucky, 
southern  Illinois,  and  northeastern  Arkansas  as  Lafayette  is  only 
provisional,  for  the  gravels  designated  Lafayette  in  this  report  may 
subsequently  be  shown  to  be  in  part  of  Pleistocene  age. 

The  distribution  and  character  of  the  Lafayette  formation  in  the 
Mississippi  embayment  east  of  Mississippi  River  have  been  treated 
by  Crider'  and  Glenn,'  the  former  with  reference  to  Mississippi  and 
the  latter  with  reference  to  Tennessee,  Kentucky,  and  soutiiem 
Illinois. 

Areal  distribution, — ^The  Lafayette  formation  is  present  in  Crow- 
leys  Ridge  throughout  its  entire  extent  from  Stoddard  County,  Mo^ 
to  Phillips  County,  Ark.  East  of  Mississippi  River  it  is  broadly  de- 
veloped over  the  northwestern  part  of  Mississippi,  the  western  parts 
of  Tennessee  and  Kentucky,  and  the  southern  part  of  Illinois,  where  it 
rests  upon  Eocene  and  Cretaceous  strata  and  laps  over  upon  the  Paleo- 
zoic rocks.  Its  detailed  distribution  in  these  States  has,  however,  not 
been  determined,  and  the  formation  is  known  to  be  absent  in  certain 
areas  where  it  has  heretofore  been  supposed  to  exist 

The  formation  is  represented  along  the  western  margin  of  the  Mis- 
sissippi embayment  in  Arkansas  by  scattered  deposits  of  gravel  and 
sand  which  overlie  the  Eocene  deposits  in  the  Grandglaise  terrace  and 
occupy  the  east- facing  slopes  of  the  hills  of  the  Ozark  province; 
their  distribution  has  not  been  determined  in  detail. 

Stratigraphic  relations. — In  Crowleys  Ridge  the  formaticm  rests 
with  a  marked  unconformity  upon  the  beveled  edges  of  the  Wilcox, 
Claiborne,  and  Jackson  formations;  the  contact  varies  in  vertical 
position  from  near  or  a  few  feet  above  the  level  of  the  Mississippi 
lowland  to  100  feet  or  more  above  that  datum.  Owing  to  disturbances 
in  the  nature  of  creep,  landslides,  and  redeposition  to  which  the  ma- 

»  BenTf  E.  W.,  The  ajre  of  the  type  exposures  of  the  Lafayette  formation :  Joar.  Geologj. 
vol.  19,  pp.  249-256,  1911. 

«  Crlder,  A.  F.,  Geology  and  mineral  resources  of  Mississippi :  U.  S,  Geol.  Surrey  Boil. 
283,  pp.  44-46.  1906. 

*  Glenn,  L.  C,  Underground  waters  of  Tennessee  and  Kentucky  weat  of  Tennessee 
River  and  of  an  adjacent  area  in  southern  Illinois:  U.  S.  GeoL  Survey  Water-Supply 
Paper  164.  pp.  40-43.  1906, 
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terials  have  been  subjected,  it  is  difficult  at  many  places  to  determine 
whether  or  not  they  are  in  their  original  place  of  deposition,  and  this 
fact  has  led  to  some  confusion  as  to  the  stratigraphic  relations  of  the 
deposits.  However,  there  is  abundant  evidence  to  show  that  the  de- 
posits were  laid  down  upon  a  strongly  eroded  surface. 

In  Crowleys  Ridge  the  formation  is  overlain  by  deposits  of  loess  of 
Pleistocene  age  and  the  relation  between  the  two  formations  is  be- 
lieved to  be  that  of  nonconformity;  this  determination  is  based  on 
sections  examined  east  of  Wynne,  in  Cross  County  (pp.  71,  92, 109) ; 
east  of  Forrest  City,  in  St.  Francis  County  (pp.  76,  93) ;  and  north  of 
Helena,  in  Phillips  County  (pp.  94,  95 )a  where  unconformities  more 
or  less  clearly  defined  have  been  noted.  At  some  of  the  exposures  in 
Crowleys  Ridge,  however,  the  contact  between  the  two  classes  of  de- 
posits is  not  clearly  defined.  This  interpretation  is  in  substantial 
agreement  with  the  conclusions  of  other  investigators  in  adjacent 
areas.  With  reference  to  the  attitude  of  the  two  formations  in 
southern  Hlinois,  Chamberlin  and  Salisbury  ^  say : 

The  erosion  slopes  of  the  hUls,  cut  out  of  the  horizontaUy  though  irregularly 
stratified  sands  and  gravels,  are  thus  seen  to  be  strewn  with  gravel,  sandstone 
debris,  and  ferruginous  concretions,  originating  from  the  same  series  higher  on 
the  slope.  Overspreading  the  whole,  covering  the  crests  of  the  hills  and  the 
eroded  edges  of  the  sand  and  gravel  layers,  together  with  their  thin  covering  of 
local  debris,  as  above  indicated,  is  the  mantle  of  loess.  It  is  absent  only  where 
recent  erosion  has  been  sufficient  to  effect  its  removal.  How  far  the  uniformity 
of  distribution  of  loess  over  regions  of  strongly  accentuated  relief  may  be  due  to 
the  creep  of  the  plastic  material  down  the  slopes,  is  not  here  discussed ;  but  this 
Is  not  believed  to  be  an  adequate  explanation  of  its  uniform  slope  distribution. 
The  loess  and  Its  clayey  equivalents  are  confidently  believed  to  have  been  de- 
posited like  a  mantle  over  a  previously  eroded  surface.  If  the  body  of  the  hills 
be  Paleozoic  rock  with  only  a  capping  of  gravel  and  sand  the  relation  of  the  loess 
to  the  latter  is  not  altered. 

In  a  discussion  of  the  relation  of  the  Pleistocene  deposits  to  the 
underlying  Lafayette  formation  in  the  Mississippi  embayment  east  of 
iCssissippi  Eiver  Glenn*  says: 

At  some  places  along  the  Mississippi  bluffs  and  in  a  belt  10  to  20  miles  wide 
east  of  the  bluffs  the  loess  seems  to  rest  unconformably  directly  on  the 
Lafayette  sands  or  gravels.  At  other  places,  however,  there  Is  a  distinctly 
differentiated  bed  of  soft,  loose,  light-colored  sand  between  the  two.  This 
sand  often  contains  rounded  pebbles  similar  to  those  of  the  Lafayette  beneath, 
from  which  they  have  evidently  beerf  derived.  Like  the  sand,  which  may  also 
have  originated  from  the  Lafayette,  the  pebbles  are  usually  bleached  to  a  light 
gray.  This  difference  in  color  and  the  softness  of  the  sand  serve  to  differentiate 
the  deposit  at  once  from  the  red,  case-hardened  Lafayette  beneath.    This  sand 

>  Chamberlin,  T.  C,  and  Salisbury,  R.  D.,  On  the  relationship  of  the  Pleistocene  to  the 
pre-PIelstocene  formations  of  the  Mississippi  basin  south  of  the  limit  of  glaclatlon :  Am. 
Jow.  Sd.,  3d  ser.,  vol.  41.  pp.  367,  368,  1891. 

•  Glenn,  L.  C,  Underground  waters  of  Tennessee  and  Kentucky  west  of  Tennessee  River 
and  of  an  adjacent  area  in  Illinois :  U.  S.  Geol.  Survey  Water-Supply  Paper  164,  p.  44, 
1906. 
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may  range  in  tiiit^ness  up  usually  to  4  or  5,  and  exceptionally  to  10  or  12  feet, 
and  may  attain  its  maYimum  and  disappear  again  in  100  or  200  yardsw 

It  [the  sand]  commonly  though  not  ev«-ywhere  shows  distinct  unconfomdty 
on  the  Lafayette  beneath  and  as  a  rule  seems  to  grade  upward  into  the  lower, 
darker  part  of  the  loess  without  any  perceptible  break.  Wh««  the  sand  seems 
to  be  absent  the  lowest  part  of  the  loess  is  usually  somewhat  sandy,  and  may 
contain  a  small  pebble  here  and  there  for  several  f^et  upward  from  its  base. 
It  is  likely  that  in  such  cases  the  sandy  basal  part  of  the  loess  is  the  representa- 
tive of  the  sand  found  elsewhere. 

From  the  last  quotation  given  it  would  appear  that  in  Tennessee 
and  Kentucky  the  loess,  or  the  thin  bed  of  soft  sand  which  in  places 
occurs  at  the  base  of  the  loess,  rests  nnconformably  upon  the 
Lafayette  formation. 

Locally,  on  the  higher  parts  of  Crowleys  Ridge  north  of  Craighesd 
County  the  loess  has  been  eroded  away  leaving  the  gravels  capping  the 
tops  of  the  hills. 

Lithologic  character, — The  Lafayette  formation  in  Crowleys  Ridge 
is  composed  of  irregularly  bedded  gravels  and  coarse  sands.  In 
general  heavy  beds  of  gravel  occupy  the  base  of  the  formatimi  and 
consist  mainly  of  subangular  to  partly  waterwom  pd>bles  and  cob- 
bles of  chert,  the  latter  rarely  exceeding  a  foot  in  longest  dimension. 
(See  PL  VIII,  .4.)  The  pebbles  and  cobbles  were  derived  from  the 
cherty  limestones  of  the  Ozark  province,  as  indicated  by  the  con- 
tained fossils  of  Paleozoic  age.  In  places  fragments  of  sandstone 
and  quartzite,  more  or  less  waterwom,  are  mixed  through  the 
gravels;  these  fragments  were  derived  in  part  from  the  quartzites 
of  the  Wilcox  formation  exposed  in  the  northern  part  of  Crowleys 
Ridge,  and  in  part  from  the  Paleozoic  rocks  of  the  Ozark  province. 
At  most  of  the  exposures  of  gravel  occasional  small,  smooth,  water- 
worn  pebbles  of  quartz  may  be  found.     (See  p.  99.) 

At  some  of  the  exposures  revealing  the  thicker  parts  of  the  forma- 
tion the  basal  gravels  are  overlain  by  coarse  cross-bedded  sands  with 
numerous  lenses  and  layers  of  gravel  of  greater  or  less  extent ;  locally 
thin  layers  of  laminated  clay  have  been  noted  in  the  sands.  At  schhc 
places  the  gravels  and  sands  are  intermixed  with  lumps  of  mechan- 
ically derived  clay. 

Both  the  sands  and  gravels  are  varicolored  and  have  been  strongly 
oxidized.  At  many  places  the  basal  gravels  have  been  cemented  by 
iron  oxide  into  a  hard,  ferruginous  conglomerate,  and  at  a  few  places 
the  sands  have  been  observed  partially  indurated  to  red  sandstcmes. 
These  indurated  masses  have  formed  where  percolating  waters  carry- 
ing iron  oxide  in  solution  have  had  their  downward  circulation 
checked  by  compact  layers  of  clay  or  other  impervious  materials. 

Thickness. — The  Lafayette  formation  in  Crowleys  Ridge  ranges 
in  thickness  from  a  few  feet  to  a  maximum  observed  thickness  of  80 
feet    The  difference  in  thickness  at  different  places  is  due  in  part 
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A.  GRAVEL  OF  THE  LAFAYETTE  FORMATION  EXPOSED  IN  THE 
WEST  SLOPE  OF  CROWLEYS  RIDGE  NEAR  COLT.  ST.  FRANCIS 
COUNTY. 
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to  the  unconformable  relations  of  the  formation  to  the  underlying 
Eocene  deposits,  in  part  to  the  variable  amomits  of  materials  depos- 
ited at  different  places  and  in  part  to  the  erosion  which  followed  the 
deposition  of  the  materials.  The  maximum  observed  thickness  of 
the  formation  (80  feet)  in  Crowleys  Ridge  is  in  the  section  at  the 
Big  Spring,  2^  miles  north  of  Helena,  Phillips  County. 

Physiographic  expression. — ^In  so  far  as  Crowleys  Ridge  is  com- 
posed of  the  materials  of  the  Lafayette  formation  the  ridge  is  a 
topographic  expression  of  the  formation.  The  outcropping  beds  of 
gravel  have  determined  in  part  the  detailed  topographic  features  of 
the  slop>es  of  the  ridge.  From  Craighead  County  northward  the 
loess  has  been  removed  from  the  top  of  the  ridge  at  numerous  places 
by  erosion,  leaving  the  gravels  as  the  capping  materials;  at  such 
places  the  resistance  to  erosion  offered  by  the  gravels  is  checking 
what  would  otherwise  be  a  rapid  reduction  in  the  height  of  the  ridge. 

LOCAL   DETAILS. 

Gravels  and  sands  of  the  Lafayette  formation  are  exposed  at  many 
places  in  Crowleys  Ridge  throughout  its  length,  from  Stoddard 
County,  Mo.,  to  Phillips  County,  Ark.  Detailed  descriptions  of 
many  localities  have  been  given  by  Call,^  who,  however,  did  not 
clearly  differentiate  this  formation  from  the  underlying  Eocene 
sands,  which,  with  the  sands  and  gravels  of  the  Lafayette  formation, 
he  included  in  the  so-called  "  Orange  sands." 

At  most  places  in  Crowleys  Ridge  the  basal  part  of  the  Lafayette 
formation  consists  of  a  heavy  bed  of  gravel  which  rests  with  a 
marked  unconformity  upon  the  underlying  Eocene  sands  or  clays, 
and,  with  local  exceptions,  no  difficulty  is  found  in  determining  the 
contact  between  the  deposits  of  the  two  ages. 

Deposits  of  sand  and  gravel  in  the  form  of  erosion  remnants  occur 
at  many  places  along  the  western  border  of  the  Mississippi  embay- 
ment,  some  forming  a  part  of  the  Grandglaise  terrace  and  others  rest- 
ing upon  the  Paleozoic  rocks  of  the  Ozark  province. 
A  few  typical  sections  will  be  described  in  this  report. 
Clay  CawrUy. — According  to  Call  ^  (p.  57  of  this  report)  the  sum- 
mit of  the  ridge  at  Chalk  Bluff,  on  St.  Francis  River,  in  the  northern 
part  of  Clay  County,  is  capped  with  fine  gravels  and  coarse  sands. 

Southwest  of  Chalk  Bluff,  in  Clay  County,  the  gravels  have  been 
observed  at  numerous  places  on  the  crest  and  on  the  slopes  of  Crow- 
leys Ridge.  Where  they  occur  on  the  divide  they  are  covered  with 
a  few  feet  of  loess,  except  locally,  where  the  latter  has  been  removed 
by  erosion. 

^Call,  R.  B.,  The  geology  of  Crowleys  Ridge:  Arkansas  Oeol.  Survey  Ann.  Rept.  for 
1889,  vol.  2,  pp.  30-142,  1891. 
Mdem,  pp.  114,  115. 
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On  the  Boydsville-Gainesvillc  road,  2  or  2^  miles  southwest  of 
Boydsville,  a  bed  of  indurated  gravel  cemented  with  iron  oxide 
forms  a  hard,  ferruginous  conglomerate  capping  the  divide  of  the 
ridge. 

The  loess  of  Clay  County  is  nearly  everjrwhere  underlain  by  coarse 
dark  red  sands,  in  places  pebbly,  which  appear  to  grade  upward  into 
the  more  typical  loess.  Whether  this  sand  belong  to  the  Lafayette 
formation  or  should  be  considered  a  sandy  phase  of  the  loess  was 
not  determined. 

Greem  County. — Exposures  of  the  formation  are  numerous  in 
Greene  County.  A  section  exposed  in  a  public  road  one-eighth  of 
a  mile  west  of  Gainesville  is  as  follows : 

Section  in  public  road  one-eighth  of  a  mile  icest  of  OainesviUe. 

Feet. 

Pleistocene  (loess) : 

Light-colored  loam 4 

Red  loamy  clay 2 

Pliocene  (?)  (Lafayette  formation) : 

Gravel  consisting  of  pebbles  of  chert  of  different  colors, 
brown  predominating,  up  to  5  inches  in  longest  diam- 
eter, with  an  intermixture  of  small,  smoothly  water- 
worn  pink  and  white  quartz  pebbles ;  locally  indurated 
to  a  ferruginous  conglomerate .5 

Coarse  red,  somewhat  argillaceous  sand 6 


12.5 


Three  and  one-half  miles  west  of  Gainesville  the  road  leading  to 
Beech  Grove  crosses  a  ridge  200  feet  higher  than  the  lowland  to  the 
west  (aneroid  reading) ;  30  feet  below  the  top  of  the  ridge  a  bed  of 
gravel  is  poorly  exposed  in  the  slope  and  is  overlain  by  a  red  phase 
of  loess. 

From  4  to  7  miles  west  of  Paragould  where  a  public  road  crosses 
the  highest  part  of  the  ridge  (475  to  500  feet  above  sea  level)  are 
beds  of  gravel  not  exceeding  an  observed  thickness  of  5  feet,  overlain, 
except  locally,  by  1  to  5  feet  of  brownish  or  reddish  loam  (loess). 
The  gravels  consist  chiefly  of  gray,  brown,  and  pink  subangular  to 
fairly  well  rounded  pebbles  of  flint  and  chert  up  to  6  inches  in 
length,  with  a  considerable  percentage  of  white,  partially  rounded  to 
smoothly  rounded  pebbles  of  quartz  up  to  1  inch  in  length. 

An  exposure  on  Poplar  Creek,  NW.  i  sec  10,  T.  16  N.,  R.  4  E., 
which  reveals  30  feet  of  materials  referable  to  this  formation,  has 
been  described  by  Call.^  This  section  is  given  on  page  60  of  this 
report. 

»Can,  R.  E..  op.  cit.,  p.  111. 
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Craighead  County. — An  exposure  in  a  gully  on  the  old  William 
Lane  place,  4  miles  northeast  of  Bono,  Craighead  County,  sec.  9, 
T.  15  N.,  R.  3  E.,  which  shows  the  relation  of  the  Lafayette  formation 
to  the  underlying  Wilcox  formation  and  to  the  overlying  loess,  is 
described  on  page  61. 

One  of  the  best  exposures  of  the  formation  in  Crowleys  Ridge  is 
on  the  farm  of  Mrs.  Mahala  Shelton,  6  miles  southwest  of  Jonesboro, 
on  tiie  south  side  of  one  of  the  small  headwater  streams  of  L'Anguille 
River.  The  section  is  about  200  feet  long  and  45  to  50  feet  high ; 
the  base  of  the  section  in  the  bed  of  the  stream  is  a  few  feet  lower 
than  the  level  of  the  lowland  to  the  west. 

SectUm  an  the  Sheltan  farm,  6  miles  southtoeat  of  Jonesboro, 

Feet. 
Pleistocene : 

Loess  mixed  with  pebbles,  with  a  thin  layer  of  pebbles 
along  the  base  (varies  in  thickness  along  the  bluff  from 
2  to  6  feet) ;  this  material  has  probably  all  crept  down 
the  slope  from  a  higher  level,  which  explains  the  un- 
conformable  relation  of  the  loess  to  the  underlying 

Lafayette  formation  at  this  locality 4 

Unconformity. 

Pliocene  ?  (Lafayette  formation) : 

Ck>arse,  red  sand  grading  downward  into  coarse  gray 
sand,  the  whole  crossbedded  (varies  in  thickness  along 

the  bluff  from  6  to  10  feet) 10 

Pebbles  and  sand  intermixed,  containing  lumps  of  white 

plastic  clay - 4 

Co&Tse,  strongly  crossbedded,  pink-tinted  sand,  forming 

as  a  whole  a  nearly  horizontal  bed 13 

Sand  and  gravel  interstratified 4 

Massive  to  cross-bedded  gravel  consisting  mainly  of  sub- 
angular  to  partly  waterworn  brown  chert  pebbles  and 
cobbles,  reaching  a  maximum  dimension  of  1  foot;  red, 
pink,  gray,  and  black  chert  pebbles  were  also  observed ;  a 
few  small,  smoothly  waterworn  pink  and  white  quartz 
pebbles  occur  mixed   with  the  chert.     The   thickness 

varies  along  the  bluff  from  4  to  11  feet 11 

Unconformity. 

Eocene  (Wilcox  formation) : 

Ck>arse  white  to  yellow  cross-bedded  sand  (varies  In  thick- 
ness along  the  bluff  from  4  to  11  feet) 4 

50 

Poinsett  CowrUy. — Gravels  of  the  Lafayette  formation  are  poorly 
exposed  on  the  west-facing  slope  of  Crowleys  Ridge  at  Harrisburg, 
Poinsett  County.  The  main  bed  crops  out  on  the  crest  of  the  steep 
part  of  the  slope  about  75  feet  above  the  level  of  the  Advance  low- 
land, and  talus  gravels  occur  at  numerous  places  below  the  crest. 
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Although  no  clear-ciit  exposure  v9b8  observed,  the  gravel  bed  probably 
exceeds  10  feet  in  thickness  in  the  vicinity  of  the  town.  The  grards 
consist  predominantly  of  brown,  partially  rounded  to  smoothly 
rounded  pebbles  of  flint  and  chert,  up  to  1  foot  in  length,  and  some 
of  them  contain  impressions  of  Paleozoic  crinoids;  a  few  of  tiie 
chert  pebbles  are  gray,  pink,  and  red  tinted.  A  noticeable  propor- 
tion of  the  gravels  consists  of  white,  pink,  and  clear,  partly  rounded 
to  smoothly  rounded  pebbles  of  quartz  up  to  1^  inches  in  length.  Tie 
gravels  in  the  vicinity  of  Harrisburg  are  overlain  by  loess  whidi, 
on  the  higher  parts  of  the  ridge  east  of  the  town,  probably  readies  a 
maximum  thickness  of  25  feet  or  more. 

Beds  of  gravel  similar  to  those  at  Harrisburg  occur  on  Crowleys 
Bidge  practically  throughout  its  length  in  Poinsett  County.  Call* 
has  described  several  localities  and  has  recorded  a  maximum  observed 
thickness  of  40  feet  of  deposits  referable  to  the  formation. 
.  Cross  County. — Five  feet  of  gravel  of  the  Lafayette  formation  is 
exposed  above  the  Claiborne  formation  in  the  section  near  Cheny 
Valley,  Cross  County,  described  on  page  69. 

Near  the  west  end  of  a  cut  of  the  St  Louis,  Iron  Mountain  4 
Southern  Railway,  1  mile  east  of  Wjnine,  the  formation  is  seen  in 
relation  to  the  underlying  Claiborne  formation  and  to  the  overlying 


Section  in  an  excavation  for  road  metal  1  mile  east  of  Wynne,  near  the  wett 
edge  of  Crowleys  Ridge  and  just  south  of  the  St,  Louis,  Iron  Mountain  d 
Southern  Railway. 

Pleistocene   (loess) :  Feet 

3.  Gray  loess  grading  downward  into  brown  coarse  sandy 
loess  at  base;  scattered  pebbles  present  In  the  lower 
2  or  3  feet ^ 10 

Contact  fairly  sharp  and  undulates  2  or  3  feet  in  a  distance 
of  a  few  rods. 

Pliocene  (?)  (Lafayette  formation) : 

2.  Coarse  gravel,  consisting  chiefly  of  subangular  to  ftiirly 
well  rounded  pebbles  and  cobbles  of  brown  and  gray 
flint  and  chert  up  to  6  inches  in  length,  with  a  small 
percentage  of  smoothly  rounded,  white,  pink-tinted, 
and  clear  quartz  pebbles  up  to  1  inch  in  length;  the 
pebbles  and  cobbles  are  in  a  matrix  of  coarse,  red- 
dish sand ;  a  few  inches  to  1  foot  of  the  basal  portion 
of  the  bed  is  indurated  to  a  hard  ferruginous  con- 
glomerate      16 

Unconformity. 

1  Call,  R.  E.,  The  geolojry  of  Crowleys  Ridge :  Arkansas  Qeol.  Surrey  Ann.  Bept  for 
1889,  vol.  2,  pp.  77-83,  1891. 
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Eocene   (Claiborne  formation) :  Feet. 

1.  Dark  chocolate-tinted  fine  argillaceous  massive  sand, 

weathering  to  gray;  contains  numerous  brown  com- 
minuted fragments  of  vegetable  matter 8 

~~34 

The  gravel  as  it  occurs  under  the  loess  beneath  the  crest  of  Crow- 
leys  Kidge,  li  miles  east  of  Wynne,  is  described  in  a  section  given 
on  page  109  of  this  report. 

Another  instructive  exposure  on  a  small  creek,  3  miles  east  of 
Wynne  and  one-eighth  mile  north  of  the  St.  Louis,  Iron  Mountain  & 
Southern  Railway,  is  described  on  page  70  of  this  report,  and  is 
illustrated  by  a  graphic  section  showing  the  imconformable  rela- 
tion of  the  Lafayette  formation  to  the  underlying  Claiborne  forma- 
tion, and  the  probably  unconformable  relation  to  the  overlying  Pleis- 
tocene deposits. 

Gravels  belonging  to  the  formation  are  described  in  two  sections 
given  on  pages  70  and  71,  one  located  2^  miles  north  of  the  site  of  old 
Wittd)urg  *  and  the  other  4  miles  east  of  Wynne.  In  each  place  the 
gravels  rest  upon  the  Claiborne  formation. 

St  Francis  County. — A  section  which  reveals  the  formation  rest- 
ing upon  the  Jackson  formation  and  overlain  by  loess  is  exposed  on 
Little  Crow  Creek  about  3  miles  east  of  Forrest  City  and  about  one- 
eighth  of  a  mile  south  of  the  Chicago,  Rock  Island  &  Pacific  Railway. 
This  section  is  described  on  pages  76-78. 

The  formation  is  exposed  at  the  base  of  a  north-facing  bluff  of 
Little  Crow  Creek  about  1  mile  east  of  Forrest  City  and  just  south 
of  the  Chicago,  Rock  Island  &  Pacific  Railway.  The  section  is  as 
follows : 

Section  on  Little  Crow  Creek,  1  mile  east  of  Forrest  City, 

Pleistocene  (loess) :  Peet. 

3.  Loess,  faintly  banded;  becomes  sandy  and  grades  into 
next  layer  below 50 

2.  Light-gray  fine  compact  sand  with  scattered  pebbles 4 

Unconformity  (?) ;  contact  is  irregular  but  not  very  sharp. 
PUocencf(?)  (Lafayette  formation) : 

1.  Gravel  composed  chiefly  of  subangular  to  partly  rounded 
pebbles  of  flint  and  chert  up  to  4  or  5  inches  in 
length,  with  a  small  percentage  of  smoothly  rounded 
white,  clear,  and  pinlc  quartz  pebbles  up  to  1  inch 
in  length ;  the  matrix  consists  chiefly  of  coarse  gray, 
red,  and  yellow  sand ;  fine  light-gray  sand  resembling 
that  of  layer  No.  2  is  mixed  with  the  gravels  to  a 
depth  of  a  few  inches  to  a  foot  below  the  top 6 

GO 
»  Call,  R.  B.,  op.  cit.  pp.  69-71. 
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Lee  County, — Phillips  post  oflSce  (now  discontinued)  -was  located 
at  the  foot  of  the  east-facing  slope  of  Crowleys  Ridge  near  the  sonth- 
ern  boundary  of  Lee  County.  In  a  gully  just  west  of  the  site  of  tie 
post  office  the  following  section  is  exposed : 

Section  in  a  guUy  just  west  of  the  site  of  Phillips  post  office. 

Pleistocene :  Feet. 
4.  Loess,  sandy  at  base;  one  fragment  of  a  land  sheU  ob- 
served      10 

Unconformity,  probably  due  to  the  creep  of  the  loess  down 

the  slope  from  a  higher  level. 
Pliocene  (?)  (Lafayette formation) : 

3.  Red  cross-bedded  pebbly  calcareous  sand,  drying  with 
a  hard,  harsh  surface;  contains  spherical  concretions 
of  sand  and  calcium  carbonate  up  to  3  or  4  inches  in 
diameter,  which  in  places  are  segregated  into  botry- 

oidal  clusters 16 

2.  Light-gray  cross-bedded  sand  containing  a  few  smaU 
pebbles  and  scattered  spherical  concretions  of  sand 

and  calcium  carbonate 7 

1.  Gravel  composed  chiefly  of  iron-stained  chert  pebbles, 

reaching  a  maximum  diameter  of  3  or  4  inches 10 

42 

Phillips  County. — ^The  following  section  is  exposed  in  a  ravine  just 
north  of  the  ^^  Big  Spring ''  on  the  east  side  of  the  ridge,  2^  miles 
north  of  Helena,  Phillips  County : 

Section  in  ravine  just  north  of  '*Big  Spring"  on  the  east  side  of  Crowley^  Ridge, 
2i  miles  north  of  Helena,  Phillips  County. 

Pleistocene  (loess) :  Feet 

Poorly  exposed,  except  30  or  40  feet  of  massive  gray  loess 
in  the  basal  portion 130 

Unconformity  somewhat  obscured  by  weathering. 

Pliocene  (?)  (I^fayette formation) : 

Coarse  gray,  reddish,  and  yellowish,  Irregularly  bedded 
sand,  with  numerous  scattered  pebbles  and  smaU  to 
large  lenses  and  layers  of  gravel,  interbedded  with  sub- 
ordinate thin  layers  of  laminated  pink  and  drab  day; 
thick  lenses  of  coarse  cross-bedded  sand  were  observed ; 
in  places  the  sands  contain  mechanically  included  balls 
of  pink  clay ;  gravel  predominates  in  the  basal  10  feet 
of  the  section,  but  is  interbedded  with  lenses  of  coarse 
sand ;  the  pebbles  consist  chiefly  of  subangular  to  partly 
rounded  flint  and  chert  up  to  3  or  4  inches  in  diameter, 
with  a  few  small,  smoothly  rounded  quartz  pebbles 80 

210 
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The  Lafayette  materials  of  this  section  differ  from  those  of  most 
parts  of  the  ridge  north  of  Lee  County  in  the  predominance  of  sand 
and  in  the  presence  of  thin  beds  of  drab  and  pink-tinted,  laminated 
clay.  The  gravels,  however,  appear  to  differ  in  no  essential  respect 
from  the  typical  gravels  observed  at  many  localities  in  the  ridge  to 
the  north. 

The  water  of  Big  Spring  emerges  from  the  coarse  gravel  at  the 
base  of  the  Lafayette. 

Near  a  small  spring  which  emerges  from  the  foot  of  the  east  slope 
of  the  ridge,  one-quarter  mile  south  of  the  Big  Spring,  are  several 
gullies  that  reveal  the  contact  between  the  Lafayette  formation  and 
the  overlying  loess.    The  section  here  is  as  follows : 

Section  in  gullies  near  a  small  spring  about  2i  miles  north  of  Helena  and  one- 
quarter  of  a  mile  south  of  t?ie  Big  Spring,  PhUlips  County. 

Pleistocene  (loess) :  Feet. 

Poorly  exposed,  except  25  feet  of  gray  calcareous  massive 

loess  in  the  basal  portion 80 

Unconformity ;  the  contact  as  seen  in  several  exposures  is  ab- 
solutely sharp  and  undulates  through  a  vertical  distance  of  a 
foot  or  more  in  small  exposures  (PI.  IX,  B). 
Pliocene  (?)  (Lafayette formation) : 

Coarse   gray   cross-bedded   sand,    variegated   with  pink, 
red,  yellow,  and  blaclc,  with  interbedded  thin  layers  of 
laminated  drab  to  pinlc  clay ;  in  places  the  sand  contains 
pebbles  and  water-rolled  lumps  of  pink  and  drab  clay —    25 
CJoncealed  to  the  level  of  the  Mississippi  lowland 15 

120 

Exposures  in  the  northern  outskirts  of  Helena  at  the  foot  of  the 
east-facing  slope  of  Crowleys  Kidge  reveal  in  places  coarse,  pebbly 
sands  and  gravels  corresponding  to  the  deposits  referred  to  the 
Lafayette  formation  in  the  two  preceding  sections;  at  one  place  a 
layer  of  gravel  4  or  5  feet  thick  was  observed  immediately  beneath 
the  loess  but  the  contact  with  the  loess  was  not  clearly  exposed. 

Western  border  of  the  Mississippi  embayment.-— Scattered  rem- 
nants of  gravel  were  observed  on  the  hills  of  the  Ozark  province  west 
of  McAlmont,  Pulaski  County. 

Two  miles  west  of  Beebe,  White  County,  the  Ozark  hills  rise  40  or 
50  feet  above  the  level  of  the  Advance  lowland.  A  few  chert  pebbles 
were  observed  scattered  about  on  the  Carboniferous  sandstones  and 
leathered  shales  which  appear  to  compose  the  body  of  the  hills. 

Two  miles  south  of  Searcy  the  following  section  was  examined  in 
a  cut  of  the  Searcy  branch  of  the  Chicago,  Kock  Island  &  Pacific 


Digitized  by  VjOOQIC 


96       GEOLOGY  AND  GROUND  WATERS,  NORTHEASTERN   ARKANSAS. 

Bailway  on  the  east-facing  scarp  which  separates  the  Ozark  province 
from  the  Advance  lowland : 

Section  in  cut  of  Chicago,  Rock  Island  d  Pacific  RaUway  2  miles  south  of 

Searcy, 

Pliocene  (?)   (Lafayette  formation) :  Feet, 

S^ndy   loam 1-3 

Gravel ^1 

Unconformity. 

Paleozoic  (Carboniferous) : 

Thin-bedded  greenish-gray  argillaceous  sandstone 8 

12 

The  loam  and  gravel  of  this  section  blanket  down  over  the  slopes 
of  the  hill. 

One  and  one-half  miles  south  of  Searcy,  on  the  road  leading  to 
Higginson,  a  bed  of  gravel  6  or  6  feet  thick  was  observed  resting 
on  Paleozoic  rocks  and  overlain  by  1  to  2  feet  of  sand  and  sandy 
loam. 

A  short  distance  northwest  of  the  town  of  Judsonia,  which  is  at 
the  northwestern  border  of  the  Advance  lowland,  the  Ozark  hills 
rise  50  to  75  feet  above  the  lowland  level.  In  places  on  these  hills  a 
thin  covering  of  gravel  of  the  Lafayette  formation  was  observed  rest- 
ing on  sandstone  of  Carboniferous  age.  The  gravels  consist  chiefly 
of  chert,  but  several  small,  smoothly  rounded  pebbles  of  quartz  were 
seen. 

In  Jackson  County  the  Grandglaise  terrace  is  partly  separated 
from  the  Paleozoic  rocks  to  the  west  by  small  valleys.  At  some  places 
on  the  northwest  slope  of  the  ridge  thus  formed  are  numerous  rounded 
pebbles,  cobbles,  and  bowlders,  probably  derived  from  a  bed  of  gravel 
of  the  Lafayette  formation. 

Five  feet  of  reddish  ferruginous  sand,  with  pebbles  in  the  basal 
portion,  considered  referable  to  the  Lafayette  formation,  appears  in 
a  section  one-half  mile  south  of  Grandglaise  and  just  west  of  the  St 
Louis,  Iron  Mountain  &  Southern  Railway.  The  sand  rests  on 
Eocene  strata  and  is  overlain  by  reddish  loam  of  probable  Pleisto- 
cene age.  A  description  of  this  section  is  given  on  page  52  of  this 
i*eport. 

About  one-half  mile  north  of  Grandglaise  very  coarse  gravel  out- 
crops in  the  road ;  although  poorly  exposed,  this  bed  probably  rests 
upon  Paleozoic  rocks  and  is  overlain  by  a  loamy,  claylike  material, 
resembling  a  f acies  of  the  loess  of  Crowleys  Ridge. 

At  Newark  and  vicinity,  in  Independence  County,  Upper  Cre- 
taceous deposits  form  the  body  of  the  Grandglaise  terrace  and  are 
overlain  by  deposits  of  gravel  of  the  Lafayette  formation  which 
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range  in  thickness  from  a  few  inches  to  25  feet  or  more.  The  gravels 
are  overlain  by  a  few  inches  to  an  observed  thickness  of  5  or  6  feet  of 
vellowish,  brownish,  and  reddish,  more  or  less  sandy  and  pebbly  loam, 
which  is  believed  to  be  of  Pleistocene  age. 

The  best  exposure  of  the  gravels  observed  in  the  vicinity  of  Newark 
is  in  a  ballast  pit  of  the  St.  Louis,  Iron  Mountain  &  Southern  Rail- 
way on  the  edge  of  the  Grandglaise  terrace  2  miles  west  of  the  town. 
(See  PL  VIII,  5,  p.  88.) 

Section  exposed  in  a  halUist  pit  of  the  St,  Louis,  Iron  Mountain  d  Southern 
Railway  2  mUes  west  of  Newark,  Independence  County. 

Pleistocene?  (loess?) :                                                                  Feet. 
Yellow  and  brownish  pebbly  and  sandy  loam 3 

Contact  obscured  by  weathering. 

PUocene  (?)  (Lafayette formation) : 

Gravel  composed  of  subangular  to  smoothly  rounded  peb- 
bles of  brown,  gray,  and  reddish  chert  up  to  3  inches  in 
length,  with  a  few  small  lenses  of  coarse  reddish  sand 
and  sandy  clay ;  some  of  the  pebbles  bear  the  prints  of 
Paleozoic  fossils;  a  talus  covering  partly  obscures  the 
basal  5  or  6  feet 20 

The  base  of  this  section  is  about  10  feet  above  the  level  of  the  Ad- 
vance lowland,  along  the  border  of  which  the  railroad  extends  east 
and  west.  In  a  section  exposed  in  a  gully  1  mile  north  of  Magness, 
Independence  County,  gravel  of  the  Lafayette  formation  was  ob- 
served resting  on  glauconitic  sands  of  Upper  Cretaceous  age  and 
overlain  by  a  few  feet  of  pebbly  loam.     (See  section,  p.  38.) 

A  bed  of  gravel  capping  a  hill  2  miles  north  of  Newark  is  described 
in  a  section  given  on  page  38.  Gravels  cap  the  Grandglaise  terrace 
at  numerous  places  between  Dota  and  Cord. 

Remnants  of  gravel  deposits,  believed  to  represent  the  Lafayette 
formation,  are  scattered  about  the  east- facing  slopes  of  the  hills  of  the 
Ozark  province  between  Black  Kock  and  Powhatan,  in  Lawrence 
County. 

A  few  pebbles,  probably  representing  remnants  of  the  Lafayette 
formation,  occur  on  the  slopes  of  the  Ozark  hills  just  west  of  the 
ferry  at  Tabor,  Clay  County. 

CORRELATION. 

The  deposits  of  gravel  and  sand  in  Mississippi,  Tennessee,  Ken- 
tucky, and  southern  Illinois  to  which  the  name  Lafayette  is  applied, 
'^  unconformably  on  Paleozoic,  Cretaceous,  and  Tertiary  strata 
and  are  overlain,  in  part,  by  loess  of  Pleistocene  age.  Exactly  similar 
deposits  of  gravel  and  sand  in  Crowleys  Ridge  occupy  an  analogous 
position  with  reference  to  underlying  Eocene  strata  of  Wilcox,  Clai- 

U674'— wfiP  399—16 7 
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borne,  and  Jackson  age  and  overlying  deposits  of  loess  of  Pleistocoie 
age.  On  lithologie  and  structural  grounds  the  deposits  in  Crowleys 
Bidge  may  therefore  be  correlated  with  the  gravels  having  the  same 
relations  east  of  Mississippi  River. 

The  geologic  series  to  which  the  Lafayette  formation  belongs  hs 
not  been  determined  with  certainty,  chiefly  because  of  the  lack  of 
paleontologic  data.  According  to  Chamberlin  and  Salisbury/  the 
formation  is  separated  from  the  overlying  loess  by  an  imconfonnity 
which  is  indicated  by  a  well-marked  structural  break  and  by  the 
oxidation  to  which  the  pre-loessial  materials  have  been  subjected. 

At  some  localities  in  Crowleys  Ridge  the  Lafayette  formation 
appears  to  be  separated  from  the  loess  by  a  well-marked  uncon- 
formity, but  at  many  places  the  contact  is  more  or  less  obscure;  the 
materials  composing  the  former  have  undoubtedly  been  subjected  to 
strong  oxidation. 

The  best  and  most  convincing  argument  for  the  pre-Pleistocene 
age  of  the  Lafayette  formation  is  that  based  on  the  compositicm  of 
the  gravels.    On  this  subject  Salisbury*  says: 

The  gravels  of  Crowleys  Ridge  are,  in  ell  characteristics  which  are  essential 
to  the  present  discussion,  like  those  of  western  Kentucky  and  Tennessee,  like 
those  of  southern  Illinois  and  southeastern  Missouri.  There  are  minor  differ- 
ences in  their  constitution,  dependent  on  the  differences  of  the  rocks  from  which 
they  are  derived,  hut  these  are  not  especially  significant,  so  far  as  the  qnestioD 
of  the  age  of  the  gravels  is  concerned.  It  is  to  be  noted  that  the  gravels  of 
southern  Illinois,  of  southeastern  Missouri,  of  western  Tennessee  and  Kenta(*y. 
as  well  as  those  of  Crowleys  Ridge,  occupy  a  geographic  position  which  makes 
it  necessary  to  suppose  that  the  drainage  of  the  ice  of  the  first  ^isode  passed 
through  the  region  which  they  occupy.  If  these  gravels  date  from  this  tliue 
they  should  contain  pebbles  of  northern  drift.  It  would  not  be  necessary  to  sop- 
pose  that  all  the  gravel  deposited  by  a  stream  springing  from  the  glacis  would 
necessarily  be  northern,  since  extra-glacial  tributaries  might  bring  in  material 
from  extra-glacial  sources  in  the  ordinary  process  of  river  degradation.  But 
emphasize  the  importance  of  this  latter  consideration  as  we  may,  it  yet  remains  an 
indisputable  fact  that  were  the  conditions  of  drainage  such  that  tributaries  coald 
bring  gravel  to  their  main  in  great  quantities,  the  main  itself,  if  springing  from 
the  ice,  would  inevitably  bring  something  of  glacial  debris,  which  would  ^ 
found  mixed  with  the  material  of  more  local  origin,  which  the  tributaries  mlglit 
have  brought  in.  And  this  would  be  true  even  if  the  accumulation  of  the  gravels 
took  place  at  an  early  stage  of  the  glaciation  of  the  first  episode,  long  before 
the  ice  approached  the  latitudes  under  consideration ;  for  the  drainage  b&j^ 
of  the  Mississippi  reaches  several  hundreds  of  miles  to  the  northward  and 
probably  extended  still  farther  in  that  direction  at  an  early  stage  of  the  Ice 
invasion,  when  the  ice  had  so  far  spread  itself  over  the  British  possessions  as 
to  prevent  drainage  into  Hudson's  Bay. 

^  On  the  relationship  of  the  Pleistocene  to  the  pre-PIeistocene  formations  of  the  Mbs^ 
sippi  Basin  south  of  the  limit  of  glaciation :  Am.  Jour.  Sci.,  3d  ser.,  vol.  41,  pp.  359-^' 
1891. 

•  On  the  relationship  of  the  Pleistocene  to  the  pre-Pleistocene  formations  of  Crowley* 
Ridge  and  adjacent  areas  south  of  the  limit  of  glaciation :  Arkansas  GeoL  Surrey  Ado- 
Rept.  for  X889,  vol,  2,  pp.  240-242,  244,  1891. 
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If,  then,  the  Orange  sands  and  gravels  were  accomalated  daring  the  first 
glaciation  of  the  first  glacial  epoch,  as  valley  or  estuary  deposits,  we  should  of 
necessity  have  northern  material  a  constituent  of  these  sands  and  gravels. 
Such,  however.  Is  not  the  fact  In  the  hundreds  of  exposures  of  gravel  which 
the  writer  has  seen,  large  numbers  of  which  in  various  localities  in  Arkansas 
and  in  the  other  States  already  named  have  been  examined  in  detail  for  this 
especial  purpose,  not  a  single  pebble  of  demonstrably  northern  origin  has  ever 
been  found.  Northern  pebbles  have  been  found  associated  with  pebbles  derived 
from  the  gravels  under  consideration,  but  only  in  such  situations  that  the 
secondary  cliaracter  of  the  deposits  containing  such  pebbles  was  certain,  or 
altogether  probable,  from  considerations  entirely  independent  of  those  here 
noted.  And  the  freedom  from  northern  gravel  and  sand  does  not  characterize 
the  Orange  sands  simply  in  their  more  southern  distribution,  where  the  local 
material  might  naturally  be  more  abundant  than  to  the  north,  but  even  up  to 
the  northern  limit  of  the  Orange  sand  regions  scarcely  more  than  a  score  of 
miles  from  the  southern  border  of  the  glacial  drift,  the  northern  pebbles  are 
likewise  altogether  absent.  And  it  is  not  simply  glacial  pebbles  that  are  want- 
ing. The  absence  of  glacial  sand  and  silt  from  the  Orange  sand  formation  is 
equally  conspicuous  and  significant 

And  even  if  an  occasional  northern  Archean  pebble  should  hereafter  be  found 
in  the  Orange  sand,  we  should  not  on  the  strength  of  this  evidence  alone,  regard 
our  conclusion  as  invalidated,  for  the  drainage  basin  of  the  Mississippi  reaches 
well  back  into  the  area  of  Archean  rocks,  and  it  would  not  be  at  all  surprising 
if  Archean  pebbles  from  this  source  should  have  found  their  way  into  the 
lower  Mississippi  Valley  before  the  glacial  period. 

At  nearly  all  the  localities  of  the  Lafayette  formation  examined  in 
Crowleys  Ridge  the  gravels,  which  are  composed  predominantly  of 
flint  and  chert,  contain  scattered,  smoothly  rounded  quartz  pebbles, 
few  more  than  1^  inches  in  diameter.    The  small  size  of  the  pebbles 
and  the  evident  long-continued  wear  to  which  they  have  been  sub- 
jected suggest  that  they  have  been   transported  great  distances. 
E.  W.  Shaw  is  actively  engaged  in  a  study  of  this  subject  and  sug- 
gests the  following  as  possible  sources  of  the  quartz :  The  veins  of 
quartz  cutting  the  crystalline  rocks  in  the  northern  part  of  the 
Mississippi  basin,  probably  not  an  adequate  source ;  conglomerates  in 
the  Paleozoic  rocks  of  the  upper  Mississippi  basin ;  postulated  gravel 
deposits  of  Cretaceous  and  Tertiary  age  in  the  same  basin,  now 
largely  though  probably  not  entirely,  removed;  and  the  crystalline 
rocks  of  the  Piedmont  area  east  of  the  Appalachian  Mountains.    The 
ultimate  source  of  the  quartz  in  the  Paleozoic  and  later  conglom- 
erates of  the  upper  Mississippi  River  basin  would  be  either  the  crys- 
talline rocks  of  Canada  or  those  of  the  Piedmont;  it  seems  improb- 
able that  any  of  the  quartz  has  been  derived  from  the  Rocky  Moun- 
tain region.    The  question  of  the  possible  transportation  of  quartz 
pebbles  from  the  Piedmont  region  along  the  ancient  drainage  courses 
<ii^  shore  lines  has  not  been  suflSciently  studied. 
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The  evidence  seems  to  be  convincing  that  the  materials  composiiig 
the  Lafayette  formation  in  Crowleys  Ridge  were  deposited  before 
the  continental  glaciers  of  Pleistocene  time  had  brought  their  load 
of  materials  down  the  Mississippi  Valley  from  the  far  north  to 
within  a  relatively  short  distance  of  the  head  of  the  Mississippi 
embayment;  in  other  words,  they  were  deposited  in  pre-Pleisto- 
cene  time.  How  long  the  deposition  of  the  gravels  and  sands  of  the 
Lafayette  formation  antedated  the  beginning  of  the  Pleistocene  is 
a  matter  of  conjecture.  Probably,  however,  the  time  was  relatively 
short,  geologically  speaking.  The  thinness  of  the  formation,  its 
nearly  horizontal  attitude,  and  the  unconsolidated  condition  of  the 
materials  would  seem  to  preclude  the  lapse  of  any  great  length  of 
time  between  its  deposition  and  the  deposition  of  the  overlying  loess, 
for  the  oscillations  to  which  the  Mississippi  embayment  was  sub- 
jected prior  to  Pleistocene  time  and  the  accompanjring  erosion  would 
probably  have  resulted  in  the  complete  destruction  of  the  formation. 
The  formation  is  believed,  therefore,  to  be  of  late  Pliocene  age. 

Quaternary  system. 

PLEISTOCENE    SERIES. 

L0E8& 

ASEAL  DISTRIBUTION. 

In  Arkansas  the  materials  classed  as  loess  cap  Crowleys  Ridge  or 
mantle  its  slopes  from  the  Missouri  State  boundary  on  the  northern 
border  of  Clay  County  southward  to  the  southern  extremity  of  the 
ridge,  near  Helena,  Phillips  County.  Fragmentary  erosion  rem- 
nants of  yellowish,  reddish,  and  brownish  argillaceous  loam,  which 
probably  represent  the  loess,  occur  along  the  western  margin  of  the 
Mississippi  embayment,  in  places  capping  the  Grandglaise  terrace 
and  elsewhere  resting  upon  the  east-facing  slopes  of  the  hills  of  the 
Ozark  province. 

North  of  Arkansas  the  loess  forms  the  capping  material  of  Crow- 
leys Ridge  to  its  northern  extremity  in  Stoddard  County,  Mo.,  and 
is  also  present  on  Benton  Ridge  in  Scott  County,  Mo. 

East  of  the  Mississippi  lowland  the  loess  occurs  on  the  upland  in  a 
belt  5  to  25  miles  or  more  in  width,  paralleling  the  Chickasaw  Bluffs, 
and  extending  from  southern  Illinois  southward  through  Kentucky, 
Tennessee,  and  Mississippi  to  Louisiana. 

The  general  distribution  of  loess  in  North  America  has  been  sum- 
marized by  Chamberlin  and  Salisbury  ^  as  follows : 

In  North  America  the  loess  does  not  occur  east  of  the  Mississippi  basin  and 
has  no  great  development  east  of  the  Wabash  River.    It  Is  widespread  In  IIU- 

*  Chamberlin,  T.  C,  and  Salisbury,  R.  D.,  A  college  textbook  of  geology,  pp.  887,  9SS, 
1909. 
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nois  and  the  States  along  the  Missouri  and  in  the  States  along  the  Mississippi 
farther  south.  Within  this  area  the  distribution  is  peculiar  in  that  it  follows 
the  main  streams  that  led  away  from  the  lowan  drift  sheet,  and  is  found  espe- 
cially on  the  bluffs  overloolcing  the  valleys.  On  this  account  it  was  formerly 
known  as  the  Bluff  formation.  In  this  bluff  position  it  has  more  than  its  aver- 
age thickness  and  coarseness  of  grain,  and  grows  thinner  and  finer  in  grain 
back  from  the  river  bluffs  until  it  is  lost  in  a  vanishing  edge.  At  the  same 
time  its  material  loses  its  distinctive  characteristics. 

Just  south  of  the  borders  of  the  lowan  and  Wisconsin  drift  sheets  it  mantles 
many  of  the  divides  between  the  main  streams,  but  farther  south  it  is  more  con- 
fined to  the  valley  borders.  It  has  little  regard  for  topography  and  can  hardly 
be  said  to  have  an  upper  limit  Within  the  drift-covered  part  of  the  Missis- 
sipi  basin  it  occurs  (1)  as  a  surface  mantle  overlying  drift  and  (2)  between 
sheets  of  drift  South  of  the  drift  there  are  in  places  distinct  sheets  of  loess, 
sometimes  separated  by  a  well-developed  soil  zone.  The  surface  of  the  lower 
sheet  shows  the  effects  of  prolonged  weathering  and  oxidation  in  some  places. 
Loess  occurs  In  isolated  spots  even  as  far  west  as  Washington  and  Oregon. 

STRATIQSAPHIC  POSITION. 

The  loess  forms  the  capping  material  of  Crowleys  Ridge,  and  where 
undisturbed  from  its  original  position  rests  on  the  Lafayette  forma- 
tion. The  nature  of  the  contact  between  the  loess  and  the  Lafayette 
formation  in  Crowleys  Bidge  is  believed  to  be  that  of  unconformity, 
for  at  several  localities,  notably  in  Cross,  St.  Francis,  and  Phillips 
counties,  there  is  a  structural  break,  more  or  less  clearly  marked,  sepa- 
rating the  two  classes  of  deposits.  (See  PI.  IX,  5,  and  fig.  1,  p.  71.) 
However,  at  many  places  the  contact  is  obscured  by  weathering  and  its 
true  character  is  difficult  to  detect.  In  the  eastern  and  northern  parts 
of  the  Mississippi  embayment  other  investigators  have  observed  an 
unconformity  between  the  two  formationa  The  time  hiatus  repre- 
sented by  this  unconformity  is  believed  to  include  an  undetermined 
portion  of  early  Pleistocene  time,  and  perhaps  a  relatively  brief  por- 
tion of  late  Pliocene  time. 

Throughout  the  extent  of  Crowleys  Sidge  deposits  of  loess  are 
found  mantling  the  slopes  of  the  ridge,  at  many  places  entirely  to  the 
base;  in  places  it  is  obvious  that  disturbances  in  the  nature  of 
landslides,  creep,  or  redeposition  have  taken  place,  but  at  many 
places  it  is  not  so  apparent  that  shifting  of  this  character  has  occurred. 
However,  more  of  the  mantling  is  probably  to  be  explained  in  this 
way  than  has  been  supposed  by  previous  students  of  the  ridge. 

At  nimierous  places  north  of  Craighead  County  the  loess  has  been 
entirely  removed  from  the  crest  of  the  ridge  by  erosion,  leaving  the 
Lafayette  formation  as  the  capping  material. 

UTHOLOGIC  CHABACTER. 

The  loess  of  Crowleys  ^idge  presents  several  facies  of  gray,  brown, 
or  reddish  silt,  varying  in  composition  from  typical  loess,  of  very  fine 
texture,  to  both  argillaceous  and  sandy  facies  of  loess. 
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•nd  the  States  along  the  Missouri  and  in  the  States  along  the  Miwiggippi 
ar  south.  Within  this  area  the  distrihution  Is  peculiar  in  that  it  foUowa 
itin  streams  that  led  away  from  the  lowan  drift  sheet,  and  is  found  espe- 
on  the  bluffs  overlooking  the  valleys.  On  this  account  it  was  formeriy 
Q  as  the  Bluff  formation.  In  this  bluff  position  it  has  more  than  its  aver- 
hlckness  and  coarseness  of  grain,  and  grows  thinner  and  finer  in  grain 
from  the  river  bluffs  until  it  is  lost  in  a  vanishing  edffe.  At  the  same 
its  material  loses  its  distinctive  characteristics. 

ft  south  of  the  borders  of  the  lowan  and  Wisconrin  drift  sheets  it  — "tL^ 
/  of  the  divides  between  the  main  streams,  but  fartlier  sooth  it  is  OMre  con- 
to  the  valley  borders.  It  has  little  regard  for  topography  and  can  liardly 
iid  to  have  an  upper  limit  Within  the  drift-covered  part  of  the  Mmki*. 
basin  it  occurs  (1)  as  a  surface  mantle  overlying  drift  and  (2)  between 
Is  of  drift.  South  of  the  drift  there  are  in  places  distinct  sheeu  of  loefw. 
3tim€S  separated  by  a  well-developed  soil  zone.  The  surface  of  the  lower 
it  shows  the  effects  of  prolonged  weathering  and  oxidation  in  some  placcaL 
m  occurs  in  isolated  spots  even  as  far  west  as  Washington  and  Oregon. 
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The  composition  of  loess  has  been  described  by  Chamberlin  and 
Salisbury  *  as  follows: 

The  term  loess  is  used  both  as  a  textural  and  a  formational  name.  Ldthologl- 
cally,  it  is  a  silt  intermediate  between  sand  and  clay.  It  is  generally  free  from 
stones  of  all  sorts,  except  the  concretions  developed  in  it  since  its  depositioD. 
In  the  exceptional  cases  where  stones  occur  in  it,  they  are  confined  to  its  Terj 
bottom,  or  are  found  in  loess  which  has  slumped  or  been  washed  down  from  its 
original  position.  It  is  sometimes  interstratified  with  sand,  especially  at  its 
base,  where  it  is  thick.  On  slopes  and  at  their  bases  loess  is  often  mini^ed  with 
slope  wash,  talus,  etc 

The  loess  contains  angular,  undecomposed  particles  of  the  commoner  cu- 
bonates  (calcite  and  dolomite)  and  silicates  (feldspars,  amphiboles,  pyroxenes, 
micas,  etc.),  and  several  of  the  rarer  silicates  have  been  identified.  Magnetite 
also  is  a  common,  though  never  an  abundant,  constituent.  All  these  are  subor- 
dinate to  quartz.  These  constituents  strongly  suggest  that  the  material  of  the 
loess  was  derived  from  the  flour  of  the  glacial  mill.  In  color  it  is  predomlnaatlj 
huffish  brown,  but  in  not  a  few  places  it  has  a  grayish  (bluish)  cast  a  few  feet 
below  the  surface. 

The  loess  often  stands  with  vertical  faces  for  long  periods,  where  sand  or  daj 
would  be  degraded  into  slopes.  Roads  on  the  loess  tend  to  assume  the  form  of 
little  canyons,  because  the  silt  of  the  roadbed  is  washed  or  blown  away,  while 
that  on  either  side  stands  up  with  steep  or  even  vertical  slopes.  Weathered 
faces  of  the  loess  often  show  a  rude  columnar  structure,  the  columns  being  1  to 
several  feet  in  diameter.  The  loess,  as  a  rule,  shows  no  stratification,  but  in  its 
coarser  phases  there  Is  often  some  suggestion  of  such  structure,  and  where  inter- 
bedded  with  sand  stratification  is  sometimes  distinct 

In  the  more  complete  exposures  of  loess  in  Crowleys  Ridge,  as  in 
the  deep  cut  of  the  St.  Louis,  Iron  Mountain  &  Southern  Railway  at 
Wynne  (p.  109),  a  distinct  banding  of  the  materials,  due  to  sUgbt 
differences  in  color,  texture,  and  composition,  is  discernible.  In  the 
Wynne  section  and  at  a  few  other  places  in  the  ridge  a  nearly  hori- 
zontal dark  band,  resembling  an  old  soil,  has  been  observed  travers- 
ing the  body  of  the  loess  10  to  20  feet  below  the  surface.  This  may 
be  the  same  as  the  old  soil  which  has  been  traced  by  E.  W.  Shaw,  of 
the  United  States  Greological  Survey,  throughout  a  considerable  part 
of  the  Gulf  embayment  Apparently  it  means  that  the  deposition  of 
the  loess  was  interrupted  by  an  erosion  interval^  and  this  intenal 
may  have  been  between  lowan  and  Wisconsin  time. 

Although  the  loess  of  Crowleys  Ridge  is  in  the  main  massive,  evi- 
dences of  stratification  have  been  observed  at  some  places,  particu- 
larly toward  the  base  of  the  deposits;  at  many  places  the  loess  grades 
downward  into  basal  sands  or  clays.  Pebbles  are  not  uncommon  in 
the  basal  materials. 

In  bluff  and  gully  exposures  and  in  artificial  cuttings  the  loess  tends 
to  stand  in  vertical  walls.    (See  Pis.  VII,  A^  IX,  Ay  and  X,  B.) 

Ten  samples  of  loess  and  residual  clay  ^om  selected  localities  in 
Crowleys  Ridge  and  one  sample  of  doubtful  loess  from  the  Grand- 

»Op.  cit..  pp.  885-887.  888. 
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A.     LOESS  EXPOSED  IN  A  GULLY    ON   THE    EASTWARD-FACING 
SLOPE  OF  CROWLEYS  RIDGE  NEAR  HELENA.  PHILLIPS  COUNTY. 
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B.  UNCONFORMABLE  CONTACT  BETWEEN  THE  LAFAYETTE  FORMATION 
AND  THE  LOESS  IN  A  GULLY  NEAR  A  SMALL  SPRING  AT  THE  FOOT  OF 
CROWLEYS  RIDGE.  A  QUARTER  OF  A  MILE  SOUTH  OF  THE  BIG  SPRING 
AND  2\i  MILES  NORTH  OF  HELENA. 
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glaise  terrace  in  Jackson  County  were  submitted  to  E.  W.  Shaw,  who 
has  furnished  the  following  report  on  their  petrographic  and  me- 
chanical characters: 

The  method  used  in  studying  the  mineralogical  composition  of  the  specimens 
of  loess  consisted  in  examining  first  the  material  in  its  natural  condition,  the 
sample  being  taken  from  the  interior  of  a  specimen  where  there  was  no  possi- 
bility of  Including  extraneous  dust ;  then  a  sample  gotten  by  carefully  washing 
a  considerable  amount  of  loess  to  get  rid  of  the  finest  claylike  particles ;  and, 
finaUy,  particles  obtained  by  treating  this  washed  material  with  a  heavy  liquid, 
generally  bromoform,  to  sort  out  the  heaviest  particles.  The  bromoform  was 
usually  diluted  with  benzene  until  it  had  a  specific  gravity  of  2.75,  sufficient  to 
float  the  most  abundant  minerals,  quartz,  orthoclase,  and  microcllne,  and  also 
the  calcite  which  is  present  in  some  specimens,  and  allow  the  heavier  particles, 
particularly  the  ferromagnesian  minerals  to  settle  to  the  bottom. 

Specimen  26206:  From  8  to  10  feet  below  surface  in  cut  of  St.  Louis,  Iron 
Mountain  &  Southern  RaUway  11  miles  east  of  Wynne,  Ark.  E^ill  thickness' 
of  loess  exposed  at  this  place  about  78  feet,  apparently  all  in  place.  In  general 
aspect  this  specimen  is  grayish-yellow  with  a  slight  brownish  tinge,  rather  com- 
pact and  claylike,  and  yet  including  numerous  small,  irregular  tubes,  probably 
root  impressions  running  through  it  in  various  directions.  CJompared  with 
average  loess  this  specimen  seems  to  be  rather  unusually  fine  grained  and 
homogenous.  Only  a  very  small  proportion  of  the  grains  are  so  fine  that  it  is 
impossible  or  even  difficult  to  determine  their  mineralogical  identity.  On  the 
other  hand,  grains  large  enough  to  be  ordinarily  termed  sand  grains  are  rare. 
Besides  quartz  and  orthoclase  (which  is  more  or  less  altered)  other  feldspars 
are  present,  and  also  biotite,  hornblende,  zircon,  fluorite,  rutile,  tourmaline,  and 
apatite.  Epidote,  muscovite,  and  silllmanite  are  present  in  particles  barely 
large  enough  to  identify. 

Specimen  26207:  From  12  or  15  feet  below  surface  in  cut  of  St.  Louis,  Iron 
Mountain  &  Southern  Railway  11  miles  east  of  Wynne,  Ark.  This  specimen 
is  compact  and  has  a  decided  carbonaceous  appearance,  its  color  being  a  rather 
dark  brownish  gray.  It  is  much  like  No.  26206  except  that  it  is  not  quite  so 
uniform  in  grain  and  it  seems  to  lack  biotite,  fluorite,  and  albite. 

Specimen  26208:  From  15  or  20  feet  below  surface  in  cut  of  St.  Louis,  Iron 
Mountain  &  Southern  Railway  11  miles  east  of  Wynne,  Ark.  This  specimen 
has  a  dirty  yellowish  color,  is  rather  hard  and  coherent,  and  is  made  up  of 
quartz,  chert,  muscovite,  several  feldspars,  zircon,  silllmanite,  staurollte,  and 
possibly  other  minerals. 

Specimen  26209:  From  30  or  40  feet  below  surface  in  cut  of  St.  Louis,  Iron 
Mountain  &  Southern  Railway  11  miles  east  of  Wynne,  Ark.  This  specimen 
is  a  light  brownish  yellow  in  color  and  is  of  a  texture  which  might  be  stated  as 
that  of  typical  loess.  Quartz  constitutes  about  90  per  cent  of  this  specimen ; 
chert  is  abundant,  and  other  minerals,  particularly  the  feldspars,  but  also  mus- 
covite, biotite,  epidote,  zircon,  and  hornblende,  are  present  in  scattered  particles. 
Specimen  26210:  From  51  to  56  feet  below  surface  In  cut  of  St.  Louis,  Iron 
Mountain  &  Southern  Railway  11  miles  east  of  Wynne,  Ark.  This  specimen 
is  of  a  reddish-brown  color  and  unusually  clayey;  probably  an  old  residual 
soil.  It  differs  from  most  of  the  other  samples  in  that  a  much  larger  portion 
is  impossible  of  mineralogical  determination,  chert  particles  are  unusually 
numerous,  the  feldspars  are  much  weathered,  and  it  seems  to  contain  little,  if 
any  apatite,  hornblende,  or  orthoclase. 
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Specimen  26211 :  From  about  60  feet  below  the  surface  In  cut  of  St  Louis, 
Iron  Mountain  &  Southern  Railway  1}  miles  east  of  Wynne,  Ark.  This  speci- 
men is  of  a  light  buff  color,  with  a  decided  pinkish  tinge  and  mottled  with 
yellow.  The  minerals  are  quartz,  chert,  several  feldspars,  biotite,  muscoTlte, 
tourmaline,  zircon,  rutile,  kyanite,  and  garnet 

Specimen  26212 :  From  30  or  35  feet  below  the  surface  at  the  west  end  of  Etai 
Street  Helena,  Ark.  This  specimen  is  of  a  dark  gray,  differing  markedly  in 
containing  much  calcite,  as  well  as  the  more  abundant  minerals,  quartz,  and 
some  flint  orthoclase,  microcline,  epidote,  biotite,  and  zircon. 

Specimen  26213.  From  about  80  feet  below  the  surface  at  the  west  end  of  Elm 
Street,  Helena,  Ark.  This  specimen  is  of  a  dark  gray,  dilfering  markedly  in 
color  from  most  loess,  and  resembling  the  old  loess  underlying  the  IllinoisaD  till 
in  southern  Illinois.  It  has  a  typical  loess  texture,  being  quite  porous  and 
absorbent  It  is  made  up  principally  of  quartz  and  chert,  but  contains  mndi 
more  or  less  altered  orthoclase,  microcline,  and  probably  other  feldspars,  nra»- 
covite,  siUimanite,  hornblende,  epidote,  and  zircon. 

Specimen  26214:  From  8  or  10  feet  below  surface  one-half  mile  southwest 
of  Grandglaise,  Ark.  This  specimen  is  reddish-buff  in  color  and  is  not  a  Terr 
typical  sample  of  loess,  being  much  less  pervious  and  more  like  residual  day. 
The  minerals  observed  are  quartz  and  flint  in  particles  having  a  considerable 
range  in  size,  muscovite,  biotite,  magnetite,  zircon,  tourmaline,  epidote,  silH- 
manite,  and  apatite. 

Specimen  26215 :  From  near  bottom  of  gully  15  feet  deep  81  miles  west  of 
Paragould,  Ark.,  This  specimen  is  of  a  brownish-buff  color  and  not  very  porous. 
Probably  the  loess  here  has  crept  a  little.  It  contains  in  addition  to  quartx 
many  rather  large  grains  of  biotite,  chert,  and  hornblende,  and  smaller  par- 
ticles of  magnetite,  zircon,  rutile,  brookite,  garnet,  and  sillimanite. 

Specimen  26216 :  From  20  to  23  feet  below  surface  in  cut  of  Chicago,  Rock 
Island  &  Paciflc  Railway  one-quarter  mile  east  of  Forrest  City,  Ark.  Tliis 
specimen  is  of  a  dark  grayish-brown  color,  and  carbonaceous  in  appearance, 
but  fine  grained  and  homogeneous.  The  minerals  observed  are  quartz,  flint 
muscovite,  feldspar  of  several  varieties,  augite,  magnetite,  rutile,  tourmaline, 
and  kyanite. 

A  part  of  each  specimen  was  sent  to  the  United  States  Bureau  of 
Soils,  which  very  generously  made  the  mechanical  analyses  given  in 
the  following  table,  according  to  its  standardized  method : 

Mechanical  analyses  of  10  samples  of  loess  and  loesslike  material  from  Crotc- 
leys  Ridge,  Ark.,  and  of  one  sample  from  the  Orandglaise  terrace. 


Fine  gravel  (2to  1  mm.) 

Coarse  sand  (1  to  0.5  mm.) 

Medium  sand  (0.5  to  0.25  mm.) . . . 

Fine  sand  (0.25  to  0.1  mm.) 

Very  fine  sand  (0.1  to  0.05  mm.) . . 

Sflt  (0.05  to  0.005  mm. ) 

Clay  (0.005  to  0  mm.) 


2620G  26207  2r.20R  26209  26210  26211   26212  26213  |<i26214  26315  96316 


0.0 

.0 

.1 

.2 

3.8 

84.2 

11.4 


0.0 

.2 

.1 

.3 

2.6 

82.3 

14.3 


0.0 

.4 

.3 

.6 

7.0 

78.2 

12.9 


0.0 
.0 
.0 
.1 

9.5 
83.2 

7.0 


0.0 

.0 

.6 

.6 

7.7 

59.3 

31.8 


0.0 
.0 
.1 

i.r 

9.4 

82.3 

6.9 


0.0 
.0 
.1 
.2 

7.8 
86.9 

4.7 


0.0 

0.0 

.0 

.2 

.1 

.1 

.1 

6.0 

6.6 

10.6 

85.6 

70.3 

8.6 

12.5 

0.0  0  0 

.1  .1 

A  •! 

4.4  i« 

78.2  w.: 

16.4  10.0 


o  Sample  from  one-half  mile  southwest  of  Orandj^aise,  Jackson  Connty,  Ark. 

The  following  analyses  of  samples  of  loess  from  Wisconsin,  made 
for  W.  C.  Alden  by  the  Bureau  of  Soils  in  1910,  are  inserted  for 
purposes  of  comparison: 
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Mechanical  analyse^  of  samples  o/  loess  from  Wisconsin. 


Ffn«gniTel(2tolmm.) 

Cowsesand  a  to0.5inm.) 

Medium  sand  (0.5  to  0.25  mm.) . . 

Fine  sand  (0.2S  to  0.1  mm.) 

Very  fine  aand  (0.1  to  0.05  mm.) . 

snt  (0.06  to  0.005  mm.) 

CUy  (0.005  to  0  mm.) 


33180 


2318B.  Loess,  Bridgeport,  Crawford  County,  Wis.,  near  Mississippi  River. 
2319a  Loess  on  late  Wisconsin  drift,  Columbia  County,  Wis. 
2319L  Composite  of  loess  loams;  Driitless  Area  near  Baratxw,  Wis. 

THICKNESS. 

On  Crowleys  Sidge  the  loess  varies  from  a  thin  veneer  to  a  layer 
with  a  measured  thickness  of  139  feet.  In  general,  the  deposits  are 
thinner  north  of  Craighead  County  than  south  of  that  county ;  the 
maximum  thickness  of  139  feet  is  shown  by  the  record  of  a  well 
boring  on  the  ridge  near  Helena,  Phillips  County  (see  log,  p.  238), 
and  a  thickness  of  130  feet  was  measured  by  the  aneroid  in  the  section 
at  the  Big  Spring,  2|  miles  north  of  Helena  (see  p.  94). 

PHYSIOOBAPHIC  EXPRESSION. 

Although  the  existence  of  Crowleys  Bidge  is  due  to  the  resistance 
to  erosion  offered  by  the  Eocene  strata  which  compose  the  core  of  the 
ridge,  the  detailed  surface  features  are  determined  chiefly  by  the 
loess  which  almost  completely  covers  its  crest  and  slopes.  Where 
erosion  has  advanced  to  a  mature  stage  the  topography  produced  by 
the  loess  is  characterized  by  smoothly  rounded  slopes  and  broa(i, 
shallow  valleys;  where  the  conditions  have  favored  the  rapid  cutting 
of  small  valleys  and  deep  ravines  the  loess  stands  up  about  their 
sides  in  nearly  vertical  walls.  These  extremes  and  intermediate 
stages  are  represented  in  the  topography  of  the  ridge. 

PAXEONTOIXMIIC   CHABACTEB. 

The  only  fossils  found  in  the  loess  of  Arkansas  are  the  shells  of 
various  species  of  land  mollusks  and  one  bivalve  fresh-water  mollusk; 
these  have  been  observed  only  in  the  southern  part  of  Crowleys  Ridge 
in  Phillips,  Lee,  and  St.  Francis  counties,  where  at  certain  places 
numerous  well-preserved  specimens  are  scattered  through  the  ma- 
terials. Call^  has  published  lists  of  species  from  several  localities. 
Lists  of  species  from  three  localities  identified  by  Paul  Bartsch  and  a 
list  from  one  of  these  localities  identified  by  William  H.  Dall  are 
given  on  pages  107  and  108  of  this  report 


^Call,  R.  E.,  The  geology  of  Crowleys  Ridge:  Arkansas  Geol.  Survey  Ann.  Rept.  for 
1889,  VOL  2.  pp.  89,  49.  166-168.  1891. 
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LOCAL  DETAILS. 

The  loess  is  exposed  at  hundreds  of  places  in  Crowleys  Bidge. 
Along  the  western  margin  of  the  Mississippi  embayment  there  are 
scattered  remnantal  deposits  of  reddish  and  yellowish  loamy  clays 
which  rest  upon  either  the  Paleozoic  rocks  of  the  east-facing  slq)es 
of  the  hills  of  the  Ozark  province  or  form  the  capping  materials  of 
the  Grandglaise  terrace. 

A  few  of  the  more  complete  exposures  of  loess  in  Arkansas  will  be 
described  in  following  paragraphs. 

Helena^  Phillips  County. — ^At  the  southern  extremity  of  Crowleys 
Ridge,  west  of  Helena,  the  loess  attains  its  greatest  thickness  in 
Arkansas — 139.7  feet — determined  by  a  boring  on  the  ridge  west  of 
the  town.  (See  log,  p.  238.)  Good  exposures  occur  in  road  cuttings, 
other  artificial  excavations,  and  ravines.  The  materials  are  gray 
to  yellowish  and  brownish  in  color  and  contain  numerous  small 
irregular  concretions  of  calciimi  carbonate,  apparently  distributed 
indiscriminately  through  the  mass.  For  the  most  part  the  materials 
appear  to  be  massive,  but  at  one  or  two  fresh  cuttings  faint  band- 
ing has  been  observed.  The  well-preserved  remains  of  land  mollosks 
are  numerous  in  places.  The  following  is  a  section  prominently 
exposed  in  an  excavation  near  the  west  end  of  Elm  Street,  Helena: 

Section  in  an  excavation  near  the  west  end  of  Elm  Street,  Helena. 

Pleistocene  (loess) :  F^!«t- 

Gray  massive  calcareous  loess  exhibiting  faint  banding; 
contains  scattered  remains  of  land  shells  throughout 
nearly  the  whole  thickness,  and  at  scattered  intervals 
the  shells  are  bunched  together  in  large  numbers.  (See 
statement  of  petrographic  character,  sample  No.  26212, 
and  mechanical  analysis  of  same  sample  in  the  table, 

p.  104) 75 

Very  dark  greenish  gray  (wet)  compact,  massive,  tough, 
finely  arenaceous  loess,  with  an  oxidized  zone  a  few 
Inches  to  1  foot  thick  in  the  upper  portion ;  resembles  the 
Loess  in  texture,  but  differs  in  color  and  plasticity  from 
common  loe«s.  (See  statement  of  petrographic  charac- 
ter, sample  No.  26213,  and  mechanical  analysis  of  same 
sample  In  the  table,  p.  104) 10 

The  following  fossils  collected  from  the  upper  75  feet  of  loess  at 
this  locality  and  from  materials  corresponding  to  this  layer  at  near-by 
localities  (field  No.  269)  were  identified  by  Dr.  Paul  Bartsch: 
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Fossils  from  loess  at  Helena,  Ark, 


Conulus  fulviis  Draparnaud. 
Zonitoides  arboreus  Say. 
Zonitoldes  minusculus  Binney. 
Gastrodonta  ligera  Say. 
Gastrodonta  ep. 
Vitreasp.? 
Vitrea  indentata  Say. 
Succinea  luteola  Gould. 
Circinaria  concava  Say. 


Polygyra  appressa  Say. 
Polygyra  zoleta  Binney. 
Polygyra  monodon  Rackett 
Polygyra  elevata  Say. 
Polyg3rra  albolabris  Say 
Polygyra  multllineata  Say. 
Polygyra  stenotrema  Femssac 
Pf  ramidula  alternata  Say. 
Pyramldula  perspectiva  Say. 
HeUcodiscns  parallelus  Say. 

A  thickness  of  130  feet  of  loess  was  measured  by  the  aneroid  in  a 
section  exposed  in  a  gully  near  the  Big  Spring,  2^  miles  north  of 
Hel^ia,  a  description  of  which  is  given  on  page  94  of  this  report. 
Another  section  one-quarter  mile  south  of  the  Big  Spring,  which 
shows  the  imconformable  relations  of  the  loess  to  the  underlying 
Lafayette  formation,  is  described  on  page  95.     ( See  PL  IX,  B^  p.  102. ) 

Forrest  Citj/j  St  Francis  County. — On  the  north-facing  side  of  a 
deep  cut  of  the  Chicago,  Eock  Island  &  Pacific  Eailway  one-quarter 
mile  east  of  Forrest  City,  St.  Francis  Coimty,  the  following  section 
is  exposed: 

Section  in  cut  of  Chicago,  Rock  Island  d  Pacific  Railway  one-quarter  mile  east 

of  Forrest  City. 

Pleistocene  (loess) :  Feet 

Gray  massive  calcareous  loess  with  concretions  of  calcium 

carbonate ;  grades  downward  into  next  layer  below 20 

Dark-brown  loess  resembling  an  old  soil,  with  concretions 
of  calcium  carbonate ;  grades  downward  into  next  layer 
below.  (See  statement  of  petrographic  character,  sam- 
ple No.  26216,  and  mechanical  analysis  of  same  sample 

In  the  table  on  p.  104) 3 

Yellowish  loess  with  concretions  of  calcium  carbonate; 

grades  downward  Into  next  layer  below 8 

Gray  massive  loess  with  concretions  of  calcium  carbonate.  11 
Gray  massive  loess  with  faint  horizontal  lines  of  yellow 
iron  oxide  simulating  bedding  planes ;  contains  calcium 
carbonate  concretions  and  becomes  sandy  and  ferrugin- 
ous in  the  basal  4  or  5  feet;  contains  numerous  land 
shells  and  one  fresh-water  species  (see  list  below) 14 

~56 

When  examined  in  1905,  4  feet  of  pebbly  cross-bedded  sand 
streaked  with  yellow,  probably  belonging  to  the  Lafayette  formation, 
^as  observed  beneath  the  loess  in  the  center  of  the  cut.  In  1912  this 
^d  become  concealed  by  talus. 
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The  following  fossils  collected  from  the  lowermost  layer  of  the 
section  just  described  were  identified  by  Dr.  Paul  Bartsch: 

F08HU  from  loess  in  cut  of  Chicago,  Rock  Island  d  Pacific  RaUway  (me-quariet 
mile  east  of  Forrest  City  {Field  No.  267), 


Polygjrra  stenotrema  Fenissac? 
Polygyra  appressa  Say. 
Polygyra  monodon  Rackett. 
Polygyra  sp.? 
Polygyra  sp.? 
Circlnaria  concava  Say. 
Circinarla  concava  Say  (young). 
Sphserium  sp.?  (fresh-water  bivalve). 
Hellcodiscus  parallelus  Say. 
Strobilops  labyrinthica  texasiana  Plls- 
bry. 


Heliclna  orbicnlata  Say. 
Pomatiopsis  lapidarin  Say. 
Succlnea  avara  Say. 
Lymnffia  parva  Lea, 
Vltrea  indentata  umbllicata  Sin^^. 
Zonltoides  minusculus  Binney. 
Bifidaria  contracta  Say. 
Blfidaria  corticarla  Say. 
Bifidaria  sp.? 


In  a  collection  made  from  the  same  locality  in  1905  (U.  S.  Nat 
Mus.  catalogue  No.  6405)  William  H.  Dall  has  identified  the  follow- 
ing species : 


Planorbis  trivolvls  Say. 
Pomatiopsis  lapidaria  Say. 
Polygyra  blrsuta  Say. 
Polygyra  monodon  Rackett. 
Succinea  avara  Say. 
Circinarla  concava  Say. 


Heliocodiscus  llneatus  Say. 
Zonltoides  arboreus  Say. 
Bifidaria  contracta  Say. 
Strobilops  labyrintbicus  Say. 
Heliclna  occulta  Say. 


Seventy  feet  of  loess  is  exposed  in  the  section  on  Little  Crow  Creek 
described  on  page  76.  (See  PI.  VII,  A,)  From  a  layer  50  to  65  fe^ 
below  the  surface  in  this  section  Dr.  Bartsch  identified  the  forms 
Polygyra  sp.?  and  Sphierium  sp.?  (a  fresh- water  bivalve). 

Sixty  feet  of  loess  appears  in  a  bluff  on  St.  Francis  Eiver,  where 
the  river  strikes  against  the  foot  of  the  eastern  slope  of  the  ridge 
8  or  9  miles  northeast  of  Forrest  City.     (See  section,  p.  76.) 

Wynne^  Cross  County. — The  cut  of  the  St.  Louis,  Iron  Mountain  4 
Southern  Railway  through  the  crest  of  Crowleys  Ridge  1^  miles 
east  of  Wynne,  Cross  County,  reveals  the  full  thickness  of  the  loess 
at  that  place.  The  cut  is  over  80  feet  deep  and  has  been  widened 
several  hundred  feet  by  the  removal  of  material  used  for  ballast  on 
the  railroad  embankments.  In  the  north-facing  side  of  the  excava- 
tion, including  a  deeper  trench  extending  in  a  linear  direction 
through  the  cutting,  the  following  section  is  exposed : 
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'Old  soil" 


A.  "OLD  SOIL"  ZONE  IN  LOESS  ON  SOUTHWARD-FACING  SIDE  OF  CUT  OF  ST. 
LOUIS,  IRON  MOUNTAIN  8c  SOUTHERN  RAILWAY  II4  MILES  EAST  OF  WYNNE, 
CROSS  COUNTY. 


B,    LOESS  EXPOSED  IN  A  CUT  OF  THE  CHICAGO.  ROCK  ISLAND  8c  PACIFIC  RAILWAY  THROUGH 
CROWLEYS  RIDGE  A  QUARTER  OF  A  MILE  EAST  OF  FORREST  CITY,  ST.  FRANCIS  COUNTY. 
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Section  in  cut  of  St,  Louis,  Iron  Mountain  d  Southern  Railway  il  miles  east 

of  Wynne, 
Pleistocene  (loess):*  Feet. 

7.  Light-gray  fades  of  loess 15 

6.  Dark-brown  fades  of  loess,  resembling  an  old  soil; 

contains  a  few  small  brown  chert  pebbles 6 

5.  Light-gray  fades  of  loess . 30 

4.  Harsh    red   ferruginous   fades   of   loess   mottled    in 

places  with  gray 5 

3.  Light-gray  fades  of  loess  tinted  with  pink 12 

2.  Light   pinkish-gray,    finely   arenaceous   clay    grading 

downward  into  light  greenish-gray  argillaceous 
sand,  containing  numerous  small  concretions  of  im- 
pure limonite  and  a  few  small  pebbles  of  chert  and 
quartz ;  resembles  loess  in  texture 8-10 

Unconformity ;  contact  is  sharp  and  varies  in  vertical  position 
as  much  as  2  feet  in  a  horizontal  distance  of  2  yards. 

Pliocene  (?)  (Lafayette formation) : 

1.  Gravel  composed  chiefly  of  brown  and  gray  subangular 

to  partly  rounded  pebbles  of  flint  and  chert  up 
to  6  inches  in  length,  with  a  small  percentage  of 
smoothly  rounded  to  partly  rounded  white  or  clear 
quartz  i)ebbles  up  to  1  inch  in  length 3 

The  different  facies  of  loess  described  in  this  section  produce  dis- 
tinct bands  in  the  deposits;  the  layers  are  not  sharply  defined  but 
grade  into  each  other.  At  one  place  on  the  south-facing  side  of  the 
same  cut  the  so-called  old  soil  zone,  corresponding  to  layer  No.  6  of 
the  section,  is  well  exposed  in  a  less  complete  section,  as  follows: 

i^ection  on  south-facing  side  of  a  cut  of  the  St,  Louis,  Iron  Mountain  d  Southern 

Railway  1^  miles  east  of  Wynne, 

liecent :  Feet. 

4.  Artificial  fill  of  loess 6 

Pleistocene  (loess) :  * 

3.  Light-gray  facies  of  loess ;  grades  downward  into  next 

layer  below 12 

2.  Dark-brown  facies  of  loess,  resembling  an  old  soil  zone ; 

grades  downward  into  next  layer  below 3 

1.  Light-gray  facies  of  loess,  similar  to  layer  No.  3 5 

~26 

The  dark  band,  layer  No.  2,  of  the  section  is  well  shown  in  the 
photograph  reproduced  in  Plate  X,  A. 

Forty  or  45  feet  of  loess  is  well  exposed  in  a  south-facing  slope 
on  a  small  creek  3  miles  east  of  Wynne  and  one-eighth  mile  north 

^See  statements  of  petrograpbic  character  and  mechanical  analyses  as  follows:  Layer 
^0.  3,  sample  No.  26211,  text  and  table,  p.  104 ;  layer  No.  4,  sample  No.  26210,  p.  103, 
and  table,  p.  104 ;  layer  No.  5,  sample  No.  26209,  p.  103,  and  table,  p.  104. 

'  See  statements  of  petrograpbic  character  and  mecbanical  analyses  as  follows :  Layer 
No.  1,  sample  26208,  p.  103,  and  table,  p.  104 ;  layer  No.  2,  sample  26207,  p.  108,  and 
table,  p.  104 ;  layer  No.  3,  sample  26206,  p.  103,  and  table,  p.  104. 
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of  the  St  Louis,  Iron  Mountain  &  Southern  Railway ;  this  section 
is  described  in  detail  on  page  71  of  this  report. 

Eighteen  feet  of  loess  appears  in  the  upper  part  of  the  secti<m 
exposed  in  a  gully  about  4  miles  east  of  Wynne  and  one-quarter  mile 
south  of  the  St  Louis,  Iron  Mountain  &  Soutiiem  Railway,  describd 
on  page  70. 

In  the  section  2^  miles  north  of  the  site  of  Old  Wittsburg,  de- 
scribed on  page  70,  the  thickness  of  the  loess  is  49  feet ;  concretions 
of  calcium  carbonate  are  abundant  in  the  middle  portion  of  ibis 
exposure. 

Jonesborp^  Craighead  County. — In  the  vicinity  of  Jonesboro,  Cnig- 
head  County,  are  numerous  exposures  of  loess,  which  commonly 
appear  in  the  form  of  a  dark  loam,  lacking  calcareous  concretions  and 
fossils ;  light-colored  and  reddish  f acies  of  the  loess  are  also  to  be 
seen.  In  places  the  argillaceous  content  increases  and  the  materials 
become  dark  loamy  clays.  The  thickness  is  as  a  rule  30  feet  or  less. 
One  of  the  best  exposures  has  been  described  by  Call^  as  follows: 

Three  or  four  miles  west  of  Jonesboro,  on  the  line  of  the  Kansas  City,  Fort 
Scott  &  Memphis  Railway,  are  several  cuts  across  low  spurs  of  the  ridge.  Ttiese 
cuts  disclose  only  the  loess  clays,  but  show  them  better  than  any  oth^  secdoo 
in  the  county.  They  may  be  here  divided  into  three  layers  on  the  usual  color 
basis,  as  follows : 

Feet 

1.  Siliceous  or  sandy  humus,  with  much  clay 2 

2.  Tough  red  clayey  loess,  much  fissured,  the  faces  of  the 

fissures  black  with  dendritic  segregations  of  manganese. 
This  member  is  removed  for  railway  baUast  and  is  so 
hard  as  to  require  blasting 7 

3.  Looser,  yet  tough,  more  yellow  soil,  weathering  into  vertical 

faces 15 

This  cutting  is  duplicated  at  several  places.  This  one  shows  the  characteristic 
mode  of  occurrence  and  coloration  of  the  loess. 

Greene  County. — The  loess  in  Crowleys  Bidge  in  Greene  Count.^ 
commonly  appears  either  as  reddish,  argillaceous  loam  or  as  lighter- 
colored  facies  of  loam.  Along  the  public  road  leading  west  irom 
Paragould  loess,  for  the  most  part  poorly  exposed,  is  the  only  mate- 
rial to  be  seen  in  the  road  ditches  and  cuttings.  In  a  gully  at  the 
roadside,  3^  miles  from  town,  a  thickness  of  15  feet  of  the  loess  was 
observed ;  a  statement  of  the  petrographic  character  of  a  sample  of 
this  material  (sample  26215)  and  a  mechanical  analysis  of  the  same 
sample  are  given  on  page  104.  From  4  miles  west  of  town  we^' 
ward  across  the  ridge  to  the  margin  of  the  Advance  lowland,  a  thin 
blanket  of  loess  not  exceeding  5  or  6  feet  forms  the  surface  material 
and  rests  upon  gravels  of  the  Lafayette  formation,  which  appear  at 
frequent  intervals. 


»Can.  R.  B..  op.  clt..  p. 
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At  GainesTille  red,  mottled,  and  light-colored  facies  of  the  loess 
are  exposed  in  the  road  ditches,  and  in  places  the  materials  contain 
numerous  small,  irregular  concretions  of  calciimi  carbonate.  In 
places  in  Greene  County  the  loess  has  been  entirely  eroded  away  from 
the  crest'of  the  ridge,  leaving  the  underlying  gravels  of  the  Lafayette 
formation  as  the  capping  materials. 

In  the  Advance  lowland,  in  the  northwestern  part  of  Greene 
County,  is  an  isolated  ridge  known  as  Jones  Ridge,  which  is  com- 
posed mainly  of  materials  believed  to  represent  the  loess.  The  ridge 
trends  in  a  northeast-southwest  direction  between  Cache  River  and 
the  St.  Louis,  Iron  Mountain  &  Southern  Railway,  is  3  or  4  miles 
long,  one-quarter  to  one-half  mile  wide,  and  30  or  40  feet  high.  The 
surface,  though  considerably  dissected,  presents  smoothly  rounded 
gentle  slopes,  offering  no  complete  exposures  of  the  materials.  A 
few  poor  exposures  on  the  slopes  of  the  ridge  reveal  a  dark,  some- 
what sandy  clay  loam,  grading  downward  into  reddish  argillaceous 
sand.  As  these  materials  resemble  closely  facies  of  loess  observed 
in  Crowleys  Ridge  to  the  east  in  Greene  County,  they  have  been 
correlated  with  that  formation. 

Clay  County. — In  Clay  County  the  loess  of  Crowleys  Ridge  appears 
in  the  form  of  light-yellow,  brown,  and  dark-red,  noncalcareous, 
more  or  less  sandy  and  argillaceous  loams,  in  places  grading  down- 
ward into  sands  or  clays.  At  no  place  where  observations  were 
made  did  the  loess  exceed  30  feet  in  thickness.  At  numerous  places 
the  loess  has  been  entirely  eroded  away  from  the  crest  of  the  ridge, 
leaving  the  gravels  of  the  Lafayette  formation  as  the  capping  ma- 
terials. 

Western  margin  of  the  Mississippi  erribayment  in  Arkansas. — 
Lo^slike  clays  have  been  observed  resting  on  Paleozoic  limestone 
just  west  of  the  ferry  over  Current  River  at  Tabor,  Clay  Coimty. 
They  form  hills  just  west  of  the  ferry  over  Black  River  at  Powhatan, 
Lawrence  County,  where  they  probably  rest  on  Paleozoic  rocks. 
Yellow  loams,  probably  representing  the  loess,  cap  the  Grandglaise 
terrace  between  Strawberry,  Lawrence  County,  and  Newark,  Inde- 
pendence County,  but  at  many  places  the  loess  has  been  largely 
eroded  away  and  is  now  represented  only  by  a  thin  veneer  of  sandy 
loam. 

South  of  Grandglaise  in  Jackson  County,  the  Grandglaise  terrace 
is  capped  in  places  by  10  or  12  feet  of  reddish,  massive,  finely  arena- 
ceous, argillaceous  loam  resembling  loess;  this  material  strongly  sug- 
gests certain  facies  of  the  loess  of  Crowleys  Ridge.  The  Ixwst  ex- 
posure of  the  loam  examined  in  the  Grandglaise  terrace  was  in  a 
south-facing  bluff  one-half  mile  south  of  Grandglaise,  and  just 
west  of  the  St.  Louis,  Iron  Mountain  &  Southern  Railway;  a  descrip- 
tion of  this  section  is  given  on  page  52  of  this  report.    A  statement 
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of  the  petrographic  character  of  a  sample  of  loess  taken  from  layer 
No.  5  of  this  section  (sample  26214)  and  a  mechanical  analysis  of  the 
same  sample  are  given  on  page  104. 

COBBELATION. 

The  Pleistocene  age  of  the  American  loess  has  long  been  a  recog- 
nized fact  among  students  of  American  geology.  Chamberlain  and 
Salisbury  ^  discuss  the  age  of  the  loess  as  follows: 

The  relations  of  the  loess  to  the  several  drift  sheets  make  it  clear  that  it 
was  accumulated  at  different  stages  of  the  glacial  period,  but  within  the  gla- 
ciated area  the  accumulation  at  one  of  these  stages  exceeds  that  at  all  others. 
both  in  volume  and  areal  extent  The  loess  deposited  at  this  stage  Is  otm 
referred  to  as  **the  loess,"  and  is  usually  correlated  in  time  with  the  lowtn 
drift  It  is  at  least  later  than  the  Illinois  sheet  of  drift,  which  it  mantles,  and 
earlier  than  the  Wisconsin  drift,  .which  overlies  it  Locally  a  thin  mantle  of 
loess  overlies  the  Wisconsin  drift  even  Its  later  parts.  No  considerable  bodv 
of  loess  older  than  the  Illinois  drift  is  known. 

In  his  earlier  studies  of  the  loess  Salisbury,^  in  terms  of  the  classi- 
fication then  in  use,  referred  the  loess  of  Crowleys  Eidge  to  the 
first  glacial  epoch.  On  the  evidence  of  the  soil  zone  to  which  ref- 
erence has  previously  been  made,  he  subdivided  the  loess  into  two 
parts,  the  older  and  lower  of  which  he  correlated  with  the  first  epi- 
sode of  the  first  glacial  epoch,  and  the  upper  and  younger  of  whi(ji 
he  referred  to  the  second  episode  of  the  first  glacial  epoch.  He  n- 
garded  the  part  of  the  loess  above  the  soil  zone  as  corresponding  io 
the  main  body  of  the  loess.  In  terms  of  the  present  classification 
of  the  glacial  drift  the  main  body  of  loess  is  correlated  in  time  with 
either  the  lowan  drift  or  with  the  Peorian  interglacial  stage,*  which 
immediately  succeeded  the  lowan  invasion.  In  this  connection  it 
should  be  stated  that  in  the  southern  part  of  Crowleys  Bidge,  where 
the  so-called  soil  zone  is  most  distinctly  developed,  the  thickest  body 
of  loess  is  below  and  not  above  the  soil  zone.  The  soil  zone,  at  most 
of  the  exposures  examined,  is  only  10  or  20  feet  below  the  top  of  the 
ridge,  while  in  places  the  thickness  of  the  loess  below  the  zone  is »»'» 
or  60  feet;  at  one  locality  a  thickness  of  40  feet  of  loess  was  observed 
above  the  soil  zone. 

If  the  loess  above  the  soil  zone  corresponds  to  the  main  body  <^' 
the  loess  in  other  parts  of  the  Mississippi  basin,  that  below  the  s«ii 
zone  is  of  course  older,  though  the  interval  between  the  deposition  (^^ 
the  two  parts  would  not  necessarily  be  of  relatively  long  duration. 

1  A  college  textbook  of  geology,  p.  888,  1909. 

«  Salisbury,  R.  D.,  On  the  relationsblp  of  the  Pleistocene  to  the  pre-Plelstocene  fom« 
tions  of  Crowleys  Ridge  and  adjacent  areas  south  of  the  limit  of  glaciation  :  Arkansas 
Geol.  Survey  Ann.  Rept.,  1880,  vol.  2,  pp.  282-234,  1891. 

*  Calvin,  Samuel,  The  lowan  drift :  Jour.  Geology,  vol.  19,  pp.  599-602,  1911. 
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The  question  of  the  significance  to  be  attached  to  the  so-called  soil 
zooe  is  one  to  which  sufficient  attention  has  probably  not  been  given. 
On  the  hypothesis  that  the  upland  loess  was  deposited  chiefly  through 
the  agency  of  wind  it  does  not  seem  improbable  that  such  a  zone 
might  be  formed  within  the  main  body  of  the  loess,  due  to  a  temporary 
change  in  the  prevailing  direction  of  the  wind,  or  to  a  temporary  ad- 
vantage gained  by  vegetation  in  the  adjacent  area  of  mud  flats  from 
which  the  materials  were  supplied  to  the  wind.  If  this  be  true,  the 
formation  of  a  soil  zone  would  not  necessarily  have  direct  connection 
with  changes  taking  place  in  the  main  area  of  glaciation  farther 
north. 

According  to  Dr.  Paul  Bartsch,  who  determined  the  species  listed 
cm  page  108,  the  contained  fossils  throw  no  light  oa  the  exact  corre- 
lation of  the  loess.    Shimek,^  discussing  the  same  subject,  says: 

The  fossil  moUusks  do  not  enable  us  to  determine  the  age  of  any  of  the  Pleis- 
tocene formations.  The  fossUs  of  the  Aftonlan  are  not  sufficiently  distinct 
from  those  of  modern  alluvium  to  permit  the  drawing  any  conclusion  other  than 
that  the  conditions  of  deposition  were  much  the  same.  They  do  not  enable  us  to 
distinguish  between  the  loesses,  for  the  folsslls  of  the  gray  and  the  yeUow  loesses 
are.  In  larger  series,  essentially  the  same.    •    •    • 

In  no  known  Pleistocene  deposit  Is  there  a  vertical  gradation  of  species  which 
can  be  accounted  for  on  climatic  grounds.    •    •    • 

Southward  along  the  Mississippi  the  loess  moUuscan  fauna  changes  in  essen- 
tially the  same  manner  as  the  modern  fauna  of  the  surface.  At  Hiclonan,  Ky., 
the  larger  helices  (so  prominent  In  the  southeastern  modern  fauna)  already 
appear  In  large  numbers  and  Pyramidula  solUaria,  carinate  Pyramidula  altera 
ttate,  Polygyra  tridentata,  very  large  P.  albolahris,  large  P.  profunda,  a  few  P. 
elevata,  P.  fratema,  P.  fraudulenta,  P.  appressa,  Omphalina  fuliginoaa,  large 
Circinaria  cancava,  more  abundant  Pyramidula  perspecHva,  and  Chistrodonta 
iiifera.  These  species  already  form  the  most  conspicuous  feature  of  the  loess 
fauna.  Helicina  occulta  still  appears,  though  here  approaching  its  southern 
Uoilt  StlU  farther  south  at  Dyersburg,  Tenn.,  a  similar  fauna  appears  In 
the  loess,  but  Helicina  occuUa  is  not  conmion,  reaching  here  Its  southern  limit, 
and  Pyramidula  striatella,  so  common  In  the  north,  also  becomes  rare.  StiU 
farther  south  on  the  west  side  of  Mississippi  River  at  Helena,  Ark.,  the  loess 
fauna  becomes  still  more  characteristically  southern,  and  in  addition  to  the 
larger  helices  already  mentioned  the  large  form  of  Suocinia  ovalis,  Omphalina 
^copnodes,  VUrea  placentula,  and  Helicina  orhiculata  appear  in  conspicuous 
'iTmibers.  The  last  three  species  are  distinctively  southern.  Helicina  occulta 
has  wholly  disappeared  and  its  place  has  been  taken  by  Helicina  orhiculata.  The 
i^chly  fossiliferoTis  loess  of  Natchez  and  Viclcsburg,  Miss.,  also  contains  the 
forms  common  at  Hickman  and  Helena,  and  the  presence  of  Polygyra  oh8tricta, 
^.  inflectaf  and  P.  atenotrcma  still  further  stamps  the  fauna  as  distinctively 
sonthem. 

^  SUrnek,  Bohnmil,  The  tigniflcance  of  Pleistocene  mollusks :  Science,  new  ser.,  vol.  37, 
pp.  506,  507,  508,  1913. 
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AXXUVAUM. 
GENERAL  FEATUBE8. 

Areal  distribution  and  thickness. — The  Advance  lowland  between 
Crowleys  Ridge  on  the  east,  the  Ozark  province  on  the  northwest, 
and  the  Coastal  Plain  uplands  southwest  of  Arkansas  Biver  is  under- 
lain by  100  to  200  foet  of  alluvial  deposits,  chiefly  referable  to  the 
Pleistocene  epoch.  A  subordinate  portion  of  the  deposits  are  of 
Recent  age.  The  Pleistocene  alluvium  comes  to  the  surface  in  the 
interstream  areas,  or  more  exactly  in  the  inter-floodplain  areas  of 
the  lowland. 

The  Mississippi  lowland  throughout  its  extent  in  Arkansas  and 
the  adjoining  States  of  Missouri,  Kentucky,  Tennessee,  and  Missis- 
sippi is  also  underlain  to  depths  of  100  to  225  feet  by  alluvium  whidi 
l)elongs  to  both  the  Pleistocene  and  Recent  epochs.  In  this  area  the 
deposits  of  the  two  epochs  have  not  been  so  accurately  differentiated 
as  have  the  alluvial  deposits  of  the  Advance  lowland. 

A  belt  of  undulating  land  a  few  feet  higher  than  the  Mississippi 
lowland  and  nowhere  more  than  5  or  6  miles  wide,  which  borders 
Crowleys  Ridge  on  the  east  from  Clay  County  south  westward  to  the 
southern  part  of  Craighead  County,  is  believed  to  be  a  remnant  of  a 
Pleistocene  plain  or  terrace  corresponding  in  age  to  the  interstream 
plains  of  the  Advance  lowland. 

Sikeston  Ridge  or  Big  Prairie,  a  narrow  ridge  about  20  feet  high, 
which  extends  from  south  of  Lake  St.  John,  Scott  County,  Mo.,  to 
New  Madrid,  New  Madrid  County,  Mo.,  is  believed  to  be  composed 
of  Pleistocene  deposits.  A  similar  low  ridge  extends  with  several 
interruptions  from  the  southern  part  of  Stoddard  County,  Mo.,  a 
little  west  of  south  in  a  slightly  sinuous  course  through  Dunklin 
County,  Mo.,  into  the  northern  part  of  Mississippi  County,  Art; 
from  north  to  south  the  different  parts  of  this  ridge  are  known  re- 
spectively as  Rosebriar  Prairie,  West  Prairie,  Grand  Prairie,  and  Big 
Lake  Highlands.  This  ridge  is  also  believed  to  be  composed  of 
Pleistocene  deposits. 

The  Pleistocene  alluvium  rests  on  undifferentiated  deposits,  chiefly 
of  Eocene  age  but  in  part  of  Cretaceous  age. 

In  the  Advance  lowland  the  Pleistocene  alluviimi  comes  to  the 
surface  in  the  inter-floodplain  areas,  but  in  the  broad  floodplains  of 
the  streams  it  is  overlain  by  Recent  alluvium,  the  thickness  of  which 
has  not  been  determined  at  any  point  but  which  probably  nowhere 
exceeds  75  feet. 

Although  in  the  Mississippi  lowland  the  Pleistocene  and  Recent 
alluvial  deposits  have  not  been  satisfactorily  differentiated,  it  is 


Digitized  by  VjOOQIC 


GEOLOGY.  115 

believed  that  the  former  are  concealed  by  the  latter,  except  in  the 
few  slightly  elevated  areas  previously  described,  concerning  which 
there  is  reason,  more  or  less  well  founded,  for  believing  that  the 
Pleistocene  comes  to  the  surface. 

Lithologic  character. — ^The  Pleistocene  alluvium  is  composed  of 
loams,  clays,  sands,  and  gravels,  which  though  irregularly  bedded  in 
detail,  have  in  general  assumed  definite  stratigraphic  positions. 
Where  the  complete  sequence  of  the  deposits  exists,  as  in  the  inter- 
stream  areas  of  the  Advance  lowland,  there  is  a  downward  gradation 
from  fine  surface  silts  or  loams  through  compact  clays  and  fine  sands 
to  coarse  sands  and  gravels  at  the  base.  This  arrangement  of  the 
materials  has  been  determined  in  scores  of  well  borings.  Except 
near  the  surface  the  deposits  appear  to  be  rather  strongly  calcareous, 
as  shown  by  the  almost  universally  hard  waters  which  they  yield. 
The  deposits  appear  also  to  be  rather  strongly  ferruginous,  although 
the  iron  is  distributed  more  irregularly  than  the  lime.  In  the  surface 
materials  the  iron  appears  in  places  in  the  form  of  small  limonite  con- 
cretions, and  where  these  are  numerous  give  rise  to  the  so-called 
"buckshot''  soils  of  the  area. 

The  silty  subsoil  clays  are  compact  and  almost  impervious  to  water 
and  are  locally  termed  "  hardpan."  They  range  in  thickness  from  a 
few  feet  to  a  maximum  measured  thickness  of  75  feet,  and  vary  in  color 
from  a  light  ashen  gray  through  yellow  and  brown  to  dark  red.  The 
subsoil  clays  and  the  underlying  fine  sands  are  exposed  at  a  few 
places  in  river  bluffs,  gullies,  and  artificial  cuttings.  The  stream  in- 
cisions are  nowhere  deep  enough  to  reveal  the  coarse  sands  and 
gravels  which  compose  the  basal  portion  of  the  deposits,  and  the 
character  of  these  materials  has  been  determined  by  well  borings. 

Dark  carbonaceous  clays,  logs  and  limbs  of  trees,  and  peaty  ac- 
cumulations representing  buried  swamp  deposits,  are  occasionally 
encountered  in  weU  borings.  Shells  have  been  reported  from  a  few 
well  borings.  With  these  exceptions,  the  materials  have  yielded  no 
fossil  remains. 

In  the  northern  part  of  the  Advance  lowland  in  Arkansas  and 
^ong  the  northwestern  border  of  the  lowland  are  areas  characterized 
by  successive  low  ridges  of  sand  and  sandy  loam,  apparently  bearing 
some  close  relation  to  the  alluvial  lands  bordering  the  rivers.  How- 
ever, many  of  the  ridges  rise  above  the  extreme  high  water  level  of 
the  present  streams  and  in  places  the  materials  appear  to  rest  on  the 
light  gray  silty  clays  which  constitute  the  subsoil  throughout  the 
greater  part  of  the  interflood  plain  areas  of  the  Advance  lowland, 
and  may  therefore  have  been  deposited  in  late  Pleistocene  time,  sub- 
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sequent  to  the  formation  of  the  clays  and  prior  to  the  deposition  of 
the  Recent  flood-plain  materials. 

PhysiograpJdc  expression. — ^The  gently  undulating  prairies  and 
timbered  lands  of  the  interstaream  areas  of  the  Advance  lowland 
are  the  surface  expression  of  the  Pleistocene  alluvial  deposits.  Hie 
prairies  represent  the  least  altered  portions  of  the  original  Pleisto- 
cene plain ;  the  timbered  lands  represent  various  stages  in  the  proces 
of  erosion,  which  on  account  of  the  low  gradient  of  the  streams,  is 
with  extreme  slowness  reducing  the  plain  to  base-leveL 

LOCAL  DETAILS. 

As  previously  stated,  the  complete  sequence  of  the  Pleistocene 
alluvial  deposits  is  not  revealed  by  natural  exposures.  The  tipper 
portion  of  the  alluvium  appears  at  scattered  localities  in  stream 
bluffs,  gullies,  road,  and  railroad  cuttings.  A  few  such  sectioiis  are 
described  on  following  pages. 

Cloverhend,  Ltxwrence  Cau/nty. — ^A  bluff  on  Black  River  at  Clover- 
bend,  Lawrence  County,  reveals  the  following  section: 

Section  an  Black  River  at  Cloverhend,  Lawrence  County, 

Pleistocene  alluvium:  Feet- 

White  "buckshot"  day,  very  hard  when  dry,  containing 

small  limonite  concretions 3 

Reddish-tinted  clay,  very  hard  when  dry,  becoming  sandy 

at  base 3 

Reddish  fine  stratified  sand 3 

Gray  stratified  sand,  coarser  than  the  overlying  layer 3 

Ck)ncealed  to  water  level 7 

19 

Old  Grandglaise^  Jackson  County. — ^The  site  of  Old  Grandglaise 
is  on  White  River,  a  few  miles  northeast  of  the  present  village  of 
Grandglaise.  The  section  exposed  in  the  right  bank  of  the  river  at 
this  place  is  as  follows: 

Section  on  White  River  at  the  site  of  Old  Orandglaise^  Jackson  County. 

Soil  and  Pleistocene  alluvium:  Peet, 

White  sou 0.  5 

White  clay,  very  plastic  when  wet 4. 0 

Stratified  white,  very  argillaceous  sand  or  sandy  clay, 
containing  great  numbers  of  irregular  concretions  of 
calciiim  carbonate 10.0 

14.5 
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Colona^  Woodruff  County. — In  a  cut  of  the  Chicago,  Rock  Island  & 
Pacific  Railway,  south  of  Colona  (2^  miles  south  of  Grays),  Woodruff 
County,  the  following  section  is  exposed : 

BeetUm  in  cut  of  Chicago,  Bock  I  Bland  d  Paciflo  Baihoay  near  CoUma^  Woodruff 

County, 

Soil  and  Pleistocene  aliuviam:  B^et 

Soil 1. 0 

Reddish  to  yellowish  argUlaceous  loam,  containing  U- 
monite  concretions 2. 5 

White  sandy  clay,  grading  downward  into  harsh  reddish 
sand,  which  in  turn  grades  downward  into  soft  purplish 
sand 10. 0 

13.5 

Augitsta^  Woodruff  County. — Call^  has  described  a  section  on 
White  River,  at  Augusta,  Woodruff  County,  which  is  in  substance  as 
follows: 

Section  on  White  River  at  AuguBta,  Woodruff  County. 

Soil  and  Pleistocene  alluvium:  veet 

Fine  light-colored  siliceous  humus 2 

Brownish   argillaceous   sand,   slightly    indurated   above, 

grading  downward  into  softer,  less  argillaceous  sand-.      1 
Reddish  sand  with  some  clay,  regularly  stratified;  con- 
tains irregularly  disseminated  nodules  of  argillaceous 
limonite  one-fourth  to  one-half  inch  in  diameter,  which 
become  softer  and  larger  and  more  numerous  toward 

base ;  forms  an  overhanging  ledge  in  places 8 

White  cross-bedded  sand,  with  occasional  patches  of  clay.    10 
Indurated  fine,  somewhat  reddish  sand,  with  some  day; 
contains  nodules  of  sandy,  argillaceous  limonite  near 

the  base 2 

Bluish-white,  irregularly  bedded  sand,  coarser  and  more 
argiUaceous  than  the  overlying  layer;  contains  scat- 
tered, smoothly  rounded  pebbles  of  chert  and  a  few 
pebbles  of  waterwom  sandstone,  averaging  about  1 
inch  in  diameter;  one  mass  of  flint  weighing  about 

3  pounds  noted 4 

Slightly  indurated  reddish  sand,  becoming  brown  below; 

the  upper  surface  is  irregular 1 

White  argillaceous  sand 2 

30 

'Call,  R.  B.,  The  geology  of  Crowleys  Ridge:  Arkansas  Geol.  Survey  Ann.  Kept,  for 
1889,  Tol.  2,  pp.  22,  23.  1891. 
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Phillips  County. — ^The  surface  in  the  northwestern  half  of  Phillips 
Ck)unty  is  strongly  rolling,  presenting  a  series  of  low  ridges  and  in- 
tervening valleys,  a  condition  believed  to  have  been  produced  by  the 
erosion  effected  by  the  streams  where  they  descend  from  the  Advance 
lowland  to  the  Mississippi  lowland,  which  lies  25  or  30  feet  lower. 
Along  the  western  side  of  Crowleys  Ridge  in  this  county  is  a  terrace 
1  to  3  miles  wide  and  30  or  40  feet  higher  than  the  creek  bottom  im- 
mediately to  the  west;  the  terrace  is  separated  from  the  ridge  on  the 
east  and  the  lowland  on  the  west  by  well-defined  escarpments  and 
probably  corresponds  in  elevation  to  the  low  ridges  in  the  north- 
western part  of  the  county  just  described.  Occasional  gullies  and 
road  cuttings  reveal  the  character  of  the  materials  composing  the  low 
ridges  and  the  terrace. 

The  following  section  is  revealed  in  a  gully  cut  in  the  terrace  IJ 
miles  east  of  Southland  and  a  short  distance  west  of  the  foot  of  the 
west-facing  slope  of  Crowleys  Eidge: 

Section  in  guUy  1\  miles  east  of  Southland^  Phillips  County. 

Pleistocene  alluvium :  i^et 

Dark  stratifled  argillaceous  loam 4 

Layers  of  fine  argillaceous  sand,  each  a  few  inches  in  thick- 
ness, some  containing  smaU,  earthy  concretions  of  limo- 

nite 4 

Yellow  argillaceoTis  sand 2 

10 

Hickory  Bidge,  one  of  the  series  of  ridges  west  of  Crowleys  Ridge 
(see  p.  27),  is  capped  with  dark  loam  whidi,  at  Marvell,  is  10  or  12 
feet  thick,  as  shown  by  exposures  in  roadside  gullies;  the  loam  is 
underlain  by  fine  gray  sand. 

A  gully  in  the  road  leading  from  Trenton  to  Turner,  about  5  miles 
south  of  west  of  Trenton,  reveals  a  9-foot  section  in  a  ridge  similar  to 
but  smaller  than  Hickory  Bidge. 

Section  in  public  road  5  miles  south  of  west' of  Trenton,  PhiUips  County.    * 

Pleistocene  alluvium :  Feet 

Soft  dark  loam 6 

Very  fine  gray  sand 3 

9 
Logs  of  wells. — ^The  most  complete  data  regarding  the  character 
and  thickness  of  the  Pleistocene  alluviimi  has  been  afforded  by  the 
logs  of  wells  located  at  various  places  in  the  area.  The  following 
table  contains  references  to  the  pages  of  this  report  on  which  logs  of 
wells  which  penetrate  these  deposits  are  given : 
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References  to  logs  of  wells  which  penetrate  Pleistocene  aUuvium, 


Locaticn. 

Owner. 

Depth 
(feet). 

Depth  (hi 
feet)  to 
Eocene 
(or  Cre- 
taceous). 

Page  on 

wh^log 

of  well  is 

given. 

Almyrs,  2  milflB  northwest  of  (SE.  i  sec.  21, 

T.8  8.,R.4W.). 
Booty,  J  mOe  west  of  (W.  J  8E.  i  sec.  5,  T.  8 

8.,R.2W.). 
Stuttgart.. - 

H.V.Chitter 

150 

163 

13L7S 

145 

147 

110 

50 

178 

74 
96.5 

78 
103 
113 
147 
102 

82 

65 
75 
80 

77 
177 
8L5 

125 
196 

180 
158 

131 

140 

105 
300 

565 

149.75 
147.5 

153 

W.  N.  Carpenter 

153 

8tuttfi;art  Water  &  Electric 

Li^Ck). 
C.  E.  Edmund 

151 

StDttgart,6inile88oathwe8tof  (sec.  5,  T.3  S., 

R.4W.). 
Tichnor,  4  mfles  south  of  (SW.  i  sec.  16,  T.  7 

8    R  2  W  ) 
lJlm(ftairie  County),  i  mUe south  of.  In  Ar- 

kaiMs  County  (NE.Jsec.6,T.28.,R.4W.). 

aJLTCDUMTT. 

ITnohfll                     

152 

J.  M.  Satchfleld 

153 

Caspar  0.  Scheiderer,  R.  D.  3. 

St  Tioulff,  Iron  Mountain  & 

Southern  Ry.  Co. 
Knobel  Rice  Co 

152 

162 

Knobel,  5  rnHflS  east  of  (NW.  iseo.  10,  T.  19 
N.,R.5E.). 

PigMtt. 

163 

Caraway  &  Friedenburg..... 
Patter  &  Co 

163 

^^,:    ::::::.:::::..:::: 

163 

OLUGHXAD  OOXTHTY. 

Bono,  1  mile  north  of  (NE.  i  sec.  19,  T.  15  N., 

Gilkeeon"  iimlles  southwest  of  (8E.  i  sec.  8, 

T.13N.,R.3E.). 
GOkeson.imilessoutheastof  (8E.iseo.9,T. 

J.  E.  Bobbitt 

171 

Burke  &  Cole,  Jonesboro . . 
C.  0.  Collins,  Jonesboro 

St.  Louis,  Iron  Mountain  & 

Southern  Ry.  Co. 
Gregg  &  Houghton  Land 

Co. 

St.  Louis  &  Southwestern 

Ry.Co. 
T.  A.Norviel 

171 

171 

13  N.,  ft.  3  E.). 
Xettleton 

170 

0b«tf,3imllesnorthwe8tof  (NE.  iseo.  18,  T. 
13N'.,k3E.). 

CBOSS'OOmiTT. 

i^iln>afaf           .  . .  

171 

183 
183 

i^ftlmks,  2i  miles  east  of 

Hwlrick'(near)(NW.isec.2.T.9N.,R.3E.). 
Tmon,4  mllesnortheast  of  (8E.  iseo.  11,  T.  8 

8.  A.  Clements 

183 

Millers  Son 

183 

N.,R.1E.). 

LAWBXNCB  COXJKTY. 

AiWa -,-.- 

St.  Louis,  Iron  Mountain  & 

Southern  Ry.  Co. 
8.C.  Dowell 

204 

Wafaint  RJdfe,  1  mUe  northeast  of  (8E.  i  sec. 

25.T.17N.,R.13E.). 
Walnut  Ridge,  1)  miles  southeast  of  (NE.  i 

secl,T.16N.,R.lE.). 

LBS  COUNTY. 
VmsftmUk 

205 

Robinson  &  (^mett. 

Marianna  Light  &  Power  Co. 
S.  D.  Johnston,  Marianna. 

Mr.  Hubbard 

206 

210 

Moi^  2*mlle8  northwest  of  (8W.  \  see.  32,  T. 

LONOKX  COUNTY.     ' 

Carlisle,  U  miles  east  of  (T.  2  N.,  R.  7  W.).... 
Carlisle,  ij  miles  north  of  (8W.  J  sec.  10,  T.  2 

N    R  7  W  ^ 
CarUsle/3  miles  southwest  of  (sec.  32,  T.  2  N., 

211 

218 

218 

J.H.Sims 

219 

R.7W.). 
OarlJBle,4i  miles  southwest  of  ( W.  i  NW.  i,  T. 

W.H.  Fuller,  Lonoke 

W.  Y.  Bransford 

218 

Loikoke 

216 

B.  F.  Fromhols 

200 
148 

219 

lN.,fe.8W.). 

MONKOB  COUNTY. 

BrinUey 

Farrell  Light,  Heat  &  Water 

Co. 
J.  D.  Edmonds 

231 

Brlnkley  (near)  (sec.  4,  T.  3  N.,  R.  2  W.) 

BrinUey ,  1)  mUes  northwest  of  (T.  3  N.,  R.  2 
W.). 

231 

H.  G.  Adams 

231 
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References  to  logs  of  wells  which  peneiraU  Pleistocene  alluvium — Continued. 


LocaUan. 

Owner. 

Depth 
(fXt). 

Depth  (in 
feet)  to 
Eocene 
(or  Cre- 
taceous). 

Pace  on 

whkhlog 

ofweUis 

given. 

PHILLIPS  COUNTY. 
Rniithl^ml ,  . 

WflUam  Russell 

135 

10S.5 

KU 

101.5 
153.5 

156 

75 

120 

78 
72 
179 

178 

145 

IW 
175 

155.6 

147 

462 

1M.8 
125 

151 

127 
156 
108 

231 

Waldenbiirg,  2  miles  e^  of  north  of  (NW.  i 

Sern^Jk  Swearengin, 
lull's  T^.^ft^kaon..' 

2U 

sec.  IS,T.  UN.,R.2E.). 
Waldenburg,  21  mile^s  southwest  of  (8E.  i 

sec.35,T.  UN.,R.  IE.). 
Weiner 

216 

S.F.Wells 

M6 

Weiner,  1  mile  n6rth  of  (SE.  1  sec.  21,  T.  12 

246 

N.,R.2E.). 
Weiner,  U  miles  south  of  (NW.  J  sec.  17,  T. 

UN.;if.2E.). 
Weiner,  3  mUes  northeast  of  (SE.  i  sec.  21,  T. 

12N.,  R.2E.). 
Whitehall,  1 J  miles  west  of  (sec.  22,  T.  10  N., 

R.3E.). 

PRAQUK  OOUMT7. 

DesArc 

H7 

Frank  Honsman . 

M7 

W.  A.  MnJC^rtny 

2fi 

Peter  Defbrast 

2S2 

Des  Arc 

J.  W.Petty 

2S3 

DevaU  BlufT,  3|  mfles  west  of  (T.  2  N.,  R. 

6W.). 

8T.  FRANCIS  COUNTY. 

Wheetley  (near)  (average  log  of  9  wells  in 

Tps.3and4N.,ll.lW0. 
Wheetley  (near)  (sec.  26,  T.  4  N.,  R.  1 W.)... 
Zent  (Monroe  County},  northeast  of,  in  St. 

Francis  Ck>unty  (8W.  J  sec.  6,  T.  4  N.,  R. 

Zent  (Monroe  Connty),  northeast  of,  in  St. 
Francis  County  (8W.  J  see.  6,  T.  4  N.,  R. 

Zent  (Monroe  County),  northeast  of,  in  St. 

Francis  County  (SB.  J  sec.  6,  T.  4  N.,  R. 

1  W.), 
Zent  (Monroe  County),  northeast  of,  in  St. 

Francis  County  (8E.  J  sec.  6,  T.  4  N.,  R. 

1  Wj). 
Zent  (Monroe  County),  east  of.  in  St.  Francis 

County  (8W.  J  sec.  8,  T.  4  N.,  R.  1 W.). 
Zent  (Monroe  County),  Umlles  northeast  of , 

in  St.  Francis  County  ( W.  }  sec.  6,  T.  4  N., 

R,  1 W.). 
Zent  (Monroe  County),  east  of,  in  St.  Francis 

Thomas  Bros 

1767 

253 

Mr.  Avery 

25S 

A.  Boysendlc  Sons 

265 

C.E.Patt 

1857 

296 

Th<^T.n>i^)1iff(Vi,. 

266 

do 

1537 
146 
145 
1807 

366 

do 

266 

do 

267 

Norton  Bros.,  Brlnkley 

Mr.  01«phant 

267 

267 

C.E.Barber 

1497 

267 

Ck>unty  (S.  §  sec.  3,  T.  4  N.,  R.  1  W.). 

WOODBXTFT  COUNTY. 

Hunter,  southeast  of  (sec.  34,  T.  6  N.,  R. 

IW.). 
Hunter,  southeast  of  (sec.  34,  T.  5  N.,  R. 

IW.). 
Hunter,  IfmHes  southwest  of  (sec.  21,  T.  5 

N.,R.lV.). 

(well  No.  1). 
Hunter  Land  it  Rioe  Co. 

(weUNo.2). 
H.L.Baker 

277 

1557 

277 
277 

COBBELATION. 


The  Pleistocene  alluvium  of  eastern  and  northeastern  Arkansas  is 
younger  than  the  loess  of  Crowleys  Ridge  and  is  older  than  the  Sec^t 
alluvium.  If  the  main  body  of  the  loess  was  deposited  during  the 
time  of  the  lowan  ice  invasion  (see  quotation  from  Chamberlin  and 
Salisbury  on  p.  112),  then  the  Pleistocene  alluvium  was  deposited 
subsequent  to  that  invasion ;  if  the  loess  was  deposited  during  the 
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Peorian  interglacial  stage,  which  succeeded  the  lowan  invasion,  the 
Pleistocene  alluvium  dates  from  a  still  later  time.  Probably  most 
of  Pleistocene  time  subsequent  to  the  Peorian  interglacial  stage  is 
represented  by  the  Pleistocene  alluvial  deposits  of  this  area. 

RECENT   SERIES. 

The  Secent  deposits  of  eastern  and  northeastern  Arkansas  con- 
sist mainly  of  alluvial  silts,  loams,  clays,  sands,  and  gravels;  these 
materials  inmiediately  underlie  the  surface  in  the  flood  plains  of  the 
streams  and  rest  upon  similar  deposits  of  Pleistocene  age,  except 
locally  along  the  borders  of  the  uplands  where  the  Recent  deposits 
rest  upon  Eocene  or  Cretaceous  strata  or  at  a  few  places  upon 
Paleozoic  rocks. 

In  the  Advance  lowland  the  areal  distribution  and  the  thickness 
of  the  Recent  deposits  are  less  than  in  the  Mississippi  lowland.  The 
thickness  is  determined  by  the  depth  to  which  the  streams  have 
scoured  as  they  have  meandered  back  and  forth  across  their  flood 
plains.  The  maximum  depth  of  scour  of  Arkansas  Kiver,  the  largest 
stream  of  the  Advance  lowland,  is  probably  not  greater  than  75  feet 
below  the  general  level  of  the  flood  plain.  The  depth  of  scour  of  the 
other  smaller  streams  of  the  area  is  proportionately  less,  the  minimum 
being  that  of  small  creeks  which  cut  only  a  few  feet  below  their 
flood  plains. 

In  the  Mississippi  lowland  the  Recent  and  Pleistocene  alluvial  de- 
posits have  not  been  clearly  differentiated.  If  Mississippi  River  has 
in  Recent  time  meandered  entirely  across  the  lowland  between  Crow- 
leys  Ridge  and  the  Chickasaw  Bluffs,  then  the  surface  deposits  are 
all  of  Recent  age.  But  even  if  this  stream  has  not  covered  the  entire 
lowland  much  of  the  area  not  thus  occupied  has  been  covered  by  St. 
Francis  and  Little  rivers  in  their  meanderings. 

Certain  small  areas  in  the  Mississippi  lowland  which  lie  slightly 
higher  than  the  general  level  of  the  lowland  are  considered  probable 
remnants  of  Pleistocene  deposits.  One  of  these  is  Sikeston  Ridge 
or  Big  Prairie,  a  narrow,  low  ridge  which  extends  southward  from 
south  of  Lake  St.  John  in  Scott  County,  Mo.,  to  New  Madrid,  New 
Madrid  County,  Mo.;  another,  a  low  ridge  which  extends  with 
several  interruptions  from  the  southern  part  of  Stoddard  County, 
Mo.,  a  little  west  of  south  in  a  slightly  sinuous  course  through 
Dunklin  County,  Mo.,  into  Mississippi  County,  Ark.,  is  known  in  its 
various  parts,  named  in  order  from  north  to  south,  as  Rosebriar 
I^rairie,  West  Prairie,  Grand  Prairie,  and  Big  Lake  Highlands.  The 
Cleaning  of  these  elevations  is  rendered  obscure  because  of  the  fact 
that  changes  in  level  accompanying  earthquake  shocks  have  taken 
place  in  the  area. 
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Mississippi  Kiver  is  at  present  scouring  its  channel  100  to  130  feet 
below  the  general  level  of  the  Mississippi  lowland,  and  the  Hecent 
alluvial  deposits  are  therefore  at  least  100  to  130  feet  thick  over  a 
part  of  the  area.  The  materials  intervening  between  the  lower  limit 
of  scour  of  the  present  streams  of  the  lowland  and  the  underlying 
Eocene  deposits  are  of  Pleistocene  age. 

TJNDIFTEBENTIATED  QUATERNABY  AIXUVIUM . 

Owing  to  the  difficulty  in  differentiating  the  Pleistocene  and 
Recent  alluvium  in  the  Mississippi  lowland  and  in  certain  parts  of 
the  Advance  lowland,  it  has  been  necessary  in  the  interpretation  of 
the  logs  of  numerous  wells  to  class  the  alluvial  deposits  as  iindif  > 
f  erentiated  Quaternary  alluvium.  A  list  of  such  wells  with  ref erraices 
to  the  pages  on  which  the  logs  are  published  is  given  in  the  following 
table : 

References  to  logs  of  wells  which  penetrate  undifferentiated  Quaternary 

alluvium. 


IxK»tlon. 


Owner. 


Depth 
(feet). 


Doith 
(in  feet) 
to  Eocene 
or  other 
older 
rooks. 


Piceon 


CRITTENDEN  COVTXVf , 

TurreU 

CROSS  COUNTY. 

Parkin 

Cherry  VaJley,  6  mflee  east  of 

ORKBNS  COUNTY. 

Beech  Qrove,  31  mfles  north  of  (S£.  i  NE.  i 
800.n,T.18N.,R.4E.). 

JACKSON  COUNTY. 

Newport,  1  mfle  southwest  of  (ofl-prospectfaig 

JEFFERSON  COUNTY. 

Wabhaseka,  5  miles  east  of  (NW.  \  seo.  17, 
T.  4  8.,  R.  7  W.). 

mssissiFn  county. 

Ashport  Bind,  9  or  10  miles  above  Osceola. . 

Do 

Do 

Do 

BlythevUle,  2  miles  west  of 

Burdette 

PHILLIPS  COUNTY. 

Helena,  3  miles  southeast  of 

Helena 


Baker  Lumber  Co 

Northern  Ohio  Cooperage  & 

Lumber  Co. 
Mr.  Smith 

Joe  Canfee,  Lafe 

John  Ingram, sr.. ......... 


United  States  (lovenmient 

well  No.  1. 
United  States  QovemmeDt 

well  No.  2. 
United  States  Qovemment 

well  No.  3. 
United  States  Ck>vemment 

weU  No.  4. 
C^cago  Mill  &  Lumber  Qo. . 
Three  States  Lumber  Co ... . 


American  Cooperage  Co 

Mississippi  River  Commis- 
sion boring. 


864 
507 


SO 


1,000 


1S2 


165 


105 


164 

110 

166 

168 

520 
1,495.5 


575 
206.4 


136.5 


146 
140 


140? 
123? 


160 
162.8 


ITS 


IS 
ISS 


1» 


IST 


1» 


2? 
3S7 
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References  to  logs  of  wells  which  penetrate  undifferentiated  Quaternary  alluvium — 

Continued. 


Location. 


Owner. 


Depth 
(feet). 


Depth 
(inieet) 
to  Eocene 
or  other 
older 
rooks. 


Page  on 

which  log 

of  well 

is  given. 


FOnraSTT  COUNTY. 

Hflzrisburg 

HirrisbarK,  11  mUes northeast  of. 
Marked  Tree 


PULA8KI  OOUMTT. 

Argeota  (at  site  of  new  Shops) 

irsenta  (well  No.  1  In  groop  of  8  wells) . 


nta  (well  No.  4  In  group  of  8  wells' 
Jacksonville," i'mJie' sooth  of. V.*.* 

WHITK  COUKTT. 

Bald  Knob 

WOODBUTT  OOUlfTT. 

Augusta 


C.Ripley 

Chapman  &  Dewey  Lumber 
Co. 


St.  Louis,  Iron  Mountain  St 
Southern  By.  Co. 

do 

do 

A.J.McBrlde 

S.Taylor 


St.  Louis,  Iron  Mountain  & 

Southecn  Ry.  Co. 
.....do 


185 
42 


80 

80 
80 
82 
24 


02.5 


900 


40 


220 


70 


31? 


145 


245 
245 
246 


250 

259 
259 
250 
259 


272 
272 


276 


GEOLOGIC  HISTOBY. 

Deposition  of  Paleozoic  sediments. — For  the  purpose  of  this  report 
the  history  of  the  events  leading  up  to  the  present  geologic  condi- 
tions of  the  Mississippi  embayment  may  be  assumed  to  have  begun 
with  the  deposition  of  the  Paleozoic  rocks  which  outcrop  around  the 
rim  of  the  embayment  and  which  form  the  basement  on  which  the 
deposits  of  the  Coastal  Plain  rest. 

The  deposition  of  the  Paleozoic  rocks  began  in  an  intercontinental 
sea  in  Cambrian  time  and  continued  with  certain  interruptions,  a 
detailed  account  of  which  is  outside  the  province  of  this  report,  at 
least  until  late  Carboniferous  time* 

Post-Paleozoic  erosion  interval. — ^The  long  period  of  Paleozoic 
deposition  was  brought  to  a  close  by  a  general  elevation  of  the  region, 
land  appearing  where  inland  seas  had  previously  existed.  Then 
began  a  long  cycle  of  erosion,  indicated  by  the  total  absence  of  de- 
posits of  Triassic  and  Jurassic  age,  and,  so  far  as  known,  of  Lower 
Cretaceous  age. 

Depression  in  Lower  Cretaceous  time. — ^During  Lower  Cretaceous 
time  areas  both  east  and  west  of  the  present  Mississippi  embayment, 
and  probably  the  embayment  itself  to  some  extent,  were  depressed, 
as  indicated  by  the  presence  of  deposits  of  Lower  Cretaceous  age  in 
eastern  Alabama  and  in  southwestern  Arkansas.  Although  no  strata 
of  this  age  outcrop  in  the  Mississippi  embayment,  such  deposits  pos- 
sibly exist  deeply  buried  beneath  younger  formations  in  the  south- 
central  portion  of  the  area. 
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Depression  and  deposition  in  Upper  Cretaceous  ^tm€.— During 
Upper  Cretaceous  time  an  area  coinciding  approximately  with  ti^ 
present  Mississippi  embayment  was  depressed,  probably  by  downw&rd 
warping,  accompanied  by  more  or  less  faulting,  and  was  coTered  hj 
marine  waters,  which  advanced  across  the  area  from  an  open  sea  on 
the  south.  This  depression  is  indicated  by  the  strata  of  Upper  Cre- 
taceous age  penetrated  in  a  deep  well  boring  at  Memphis,  Tenn.,  and 
by  strata  which  outcrop  along  the  eastern  limb  of  the  embaym^t  as 
far  north  as  the  southern  part  of  Illinois,  and  which  are  present  at 
certain  places  along  the  western  limb  of  the  embayment  The  Upper 
Cretaceous  deposits  consist  of  sands,  clays,  and  marls  formed  as 
the  result  of  the  transportation  of  materials  into  the  sea  by  streams 
flowing  from  the  areas  of  land  surrounding  the  submerged  tract  <m 
the  west,  north,  and  east.  In  the  central  part  of  the  embayment  the 
deposits  are  more  than  1,300  feet  in  aggregate  thickness,  and  are 
believed  to  constitute  a  conformable  series. 

Uplift  and  erosion  between  the  Cretaceous  and  Eocene. — After  the 
deposition  of  the  Upper  Cretaceous  series  the  submerged  area  was  ele- 
vated above  sea  level  and  subjected  to  erosion.  How  great  a  thickne^ 
of  strata  was  removed  while  land  prevailed  is  not  known,  but  from 
the  approximate  correspondence  in  the  stratigraphic  position  of  the 
eroded  Upper  Cretaceous  surface  throughout  a  vast  extent  of  country 
in  the  Atlantic  and  Gulf  Coastal  Plain  the  land  was  probably  reduced 
nearly  to  a  peneplain.  The  great  importance  of  this  erosion  interval 
is  shown  by  the  difference  in  the  paleontolbgic  characters  of  the  upper 
part  of  the  Upper  Cretaceous  series  and  the  lower  part  of  the  over- 
lying Eocene  series,  few,  if  any,  of  the  contained  molluscan  species 
being  common  to  the  two  series.  The  contact  between  the  two  series 
does  not  appear  at  the  surface  within  the  area  under  consideration^ 
but  is  well  exposed  at  many  places  in  Alabama  and  Mississippi,  and 
its  presence  in  the  vicinity  of  Little  Rock,  Ark.,  is  indicated  by  tiie 
paleontologic  differences  already  stated. 

Depression  and  deposition  in  Eocene  time. — ^The  erosion  interral 
succeeding  the  deposition  of  the  Upper  Cretaceous  series  was 
brought  to  a  close  by  a  depression  of  the  area  which  submerged  a 
tract  probably  corresponding  in  extent  nearly  to  the  present  Mis- 
sissippi embayment,  though  perhaps  somewhat  more  contracted  at 
the  northern  extremity  and  along  the  eastern  side  in  Mississippi. 
Tennessee,  and  Kentucky.  The  depression  was  accompanied  by  re- 
newed deposition  which,  with  two  important  interruptions,  and  per- 
haps other  minor  interruptions,  continued  through  Eocene  time  and 
produced  in  ascending  order  the  Midway,  Wilcox,  Claiborne,  and 
Jackson  formations,  the  aggregate  thickness  of  which  amounts  to 
between  1,000  and  1,500  feet. 
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The  Midway  formation,  where  typically  developed,  consists  of 
limestones,  calcareous  sands,  and  clays,  of  marine  origin,  which 
show  that  true  marine  conditions  existed  in  the  southern  and  central 
parts  of  the  submerged  area  at  least  as  far  north  as  the  latitude  of 
Newport,  Jackson  County,  Ark.  These  marine  materials  merge 
northward  into  argillaceous  beds  of  shallow-water  origin,  which  in 
Tennessee  and  Kentucky  are  known  as  the  Porters  Creek  clay. 

The  contact  between  the  Midway  and  Wilcox  formations  is  not 
exposed  in  northeastern  Arkansas,  but  Berry  ^  has  published  paleon- 
tologic  evidence  of  an  unconformity  between  the  two  formations  in 
the  Mississippi  embayment,  indicating  an  important  uplift  accom- 
panied by  erosion. 

The  Wilcox  formation,  where  exposed  in  Crowleys  Ridge  from 
Crai^ead  northward  and  also  in  Mississippi,  and  deposits  of  Wil- 
cox age  in  the  Lagrange  formation  of  Tennessee  and  Kentucky  con- 
sist of  irregularly  bedded  sands  and  clays;  lignite  is  common  in 
the  formation  and  in  places  is  segregated  into  beds;  fossil  leaves 
have  been  collected  at  numerous  places  in  Mississippi,  Tennessee,  and 
Kentucky  and  at  three  places  in  Arkansas.  Locally  in  Crowleys 
Kidge  the  sands  are  indurated  to  sandstones  and  quartzites.  These 
characters  may  perhaps  be  interpreted  to  mean  that  the  terrane  is  a 
complex  of  shallow-marine,  swamp,  and  alluvial  deposits. 

Deposition  of  the  Wilcox  formation  was  followed  by  uplift  which 
produced  a  land  surface  and  erosion  probably  throughout  the  whole 
of  the  embayment.    This  sequence  of  events  is  indicated  by  the  ab- 
sence of  deposits  representing  the  lower  part  of  the  Claiborne  as 
developed  in  Alabama,  Louisiana,  and  east  Texas.    In  upper  Clai- 
borne time,  however,  the  area  was  again  depressed  and  deposition 
^as  resumed.    The  depression  probably  affected  the  southern  part 
of  the  Mississippi  embayment  more  than  the  northern  part,  for 
deposits  of  the  Claiborne  formation  are  not  known  to  extend  farther 
north  than  Poinsett  County,  Ark.    The  northern  part  of  the  em- 
bayment may  have  been  above  water  and  subjected  to  erosion.    The 
Claiborne  formation  in  Crowleys  Sidge  is  similar  in  general  litho- 
logic  character  to  the  Wilcox  formation,  but  shows  a  slightly  nearer 
approach  to  a  true  marine  deposit,  as  indicated  by  more  massive  bed- 
ding, particularly  in  the  upper  part  of  the  terrane.    During  Clai- 
borne time  subsidence  was  gaining  slightly  on  sedimentation,  and 
this  advantage  continued  into  Jackson  time,  though,  as  Berry  has 
shown  in  the  paper  just  cited,^  there  is  evidence  of  temporary  emer- 
gence and  erosion  at  the  close  of  the  Claiborne. 

The  Jackson  formation  consists  of  sands,  clays,  and  marls  of 
shallow-sea  origin.     The  prevalence  of  marine  conditions  during 

^ Berry,  E.  W.,  Erosion  intervals  In  the  Eocene  of  the  Mississippi  embayment:  U.  8. 
Q«ol.  Surrey  Prof.  Paper  05,  pp.  73-82,  1915   (Prof.  Paper  95-F). 
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the  time  of  deposition  of  these  materials  is  indicated  by  the  presence 
in  the  formation  of  the  remains  of  moUusks  and  foraminifera  whidi 
inhabited  shallow  seas.  During  this  period  also  the  northern  part 
of  the  embayment  was  probably  above  sea  level,  for  the  Jackscm 
formation  has  been  recognized  only  as  far  north  as  the  latitude  of 
St.  Francis  County,  Ark. 

Post-Eocene  erosion. — Succeeding  the  deposition  of  the  Eocene 
series,  the  Mississippi  embayment  was  again  elevated  above  sea  level 
and  the  upward  movement  was  probably  accompanied  by  a  slight 
tilting  toward  the  south.  Erosion  was  resumed  and  probably  con- 
tinued until  near  the  close  of  Tertiary  time;  that  is,  during  all  of 
Oligocene,  Miocene,  and  a  part  of  Plioc^ie  time;  the  streams  whid 
drained  the  emerged  area  attacked  the  exposed  portions  of  the 
Eocene  strata  and  began  transporting  the  materials  to  the  sea,  which 
had  retreated  southward  beyond  the  limits  of  the  embayment  area. 

The  arrangement  of  the  drainage  during  this  erosion  interval  is 
not  known,  but  doubtless  a  large  stream  corresponding  to  the  present 
Mississippi  Kiver  crossed  the  area,  and  this  stream  was  probably 
joined  by  an  ancient  Ohio  River  somewhere  in  the  Mississippi  em- 
bayment. Streams  corresponding  to  White  and  Arkansas  riv^^ 
doubtless  existed. 

The  erosive  action  of  the  streams  during  this  period  probably  re- 
sulted in  the  removal  of  a  relatively  large  amount  of  material  from 
the  land,  which  was  not  reduced  to  base  level,  as  shown  by  the  irregu- 
larities of  the  surface  upon  which  the  next  succeeding  formation,  the 
Lafayette,  was  laid  down. 

Deposition  of  the  Lafayette  formation. — ^The  period  of  land  degre- 
dation  which  followed  the  deposition  of  the  Eocene  series  was  suc- 
ceeded, probably  during  late  Pliocene  time,  by  a  relatively  short 
period  of  deposition,  during  which  the  Lafayette  formation,  a  ter- 
rane  composed  of  irregularly  bedded  sands  and  gravels,  was  laid 
down.  The  conditions  under  which  this  formation  was  produced  were 
peculiar  and  are  not  thoroughly  understood.  The  available  facts, 
however,  appear  to  justify  certain  deductions. 

The  materials  were  transported  from  an  elevated  area  in  which 
erosion  was  active  and  the  transporting  power  of  the  streams  great 
The  embayment  area  must  have  been  considerably  lower  than  this 
elevated  tract,  and  the  gradients  of  the  streams  were  greatly  reduced 
where  they  passed  from  the  higher  to  the  lower  country ;  the  trans- 
porting power  of  the  currents  was  lessened  as  a  result  of  the  lower- 
ing of  the  gradients,  and  much  of  the  material  carried  in  suspension 
or  rolled  along  the  stream  beds  was  left  stranded  along  the  vaUej 
bottoms  and  lower  slopes.  Since  the  gravel  deposits  are  composed 
chiefly  of  pebbles  and  cobbles  of  chert  which  range  from  subangultr 
to  only  partly  waterwom,  it  is  evident  that  they  have  been  transported 
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DO  great  distance,  and  their  source  was  doubtless  the  Paleozoic  rocks, 
which  are  composed  in  part  of  cherty  limestones  and  outcrop  ad- 
jacent to  the  Mississippi  embayment  on  the  west,  north,  and  east. 
A  very  small  proportion  of  the  gravels  consists  of  small,  smoothly 
rounded  quartz  pebbles  which  appear  to  have  been  transported  a 
long  distance ;  their  history  is  more  complex  and  is  less  imderstood 
than  is  that  of  the  chert  pebbles  and  cobbles.  The  gravels  and  sands 
doubtless  originally  covered  much  if  not  all  the  embayment  area. 

The  chief  difficulty  in  attempting  to  explain  the  origin  of  the 
deposits  of  sand  and  gravel  is  the  fact  that  the  base  of  the  gravel 
deposits  lies  at  various  vertical  positions  from  below  the  level  of  the 
Mississippi  lowland  to  80  or  100  feet  above  that  datum  plane.  If 
the  materials  were  deposited  by  streams  meandering  across  depo- 
sitional  plains,  it  would  seem  that  the  surface  upon  which  the  heavy 
gravels  were  laid  down  would  have  been  reduced  to  an  approximate 
plain  by  the  lateral  cutting  of  the  shifting  currents.  However,  it  is 
probable  that  the  sequence  of  events  was  more  complicated  than  can 
easily  be  determined  from  the  remnants  of  the  formation  available 
for  study.  A  series  of  successively  younger  and  lower  terraces  might 
account  for  the  observed  distribution  of  the  gravels;  or  the  gradual 
aggradation  of  valleys  permitting  the  streams  to  meander  over  suc- 
cessively higher  parts  of  the  adjacent  hills  might  also  account  for 
the  present  position  of  the  gravels. 

Post-Lafayette  erosion  interval. — ^After  the  deposition  of  the  La- 
fayette formation  erosion  was  resumed,  either  because  the  streams 
ceased  to  carry  great  loads  of  coarse  material  or  because  there  was  a 
general  uplift  of  the  area;  the  resulting  dissection  produced  a  surface 
relief  amounting  to  100  feet  or  more. 

The  arrangement  of  the  drainage  during  this  period  of  erosion  is 
not  known,  but  doubtless  streams  existed  corresponding  to  Mississippi, 
Ohio,  White,  and  Arkansas  rivers. 

Deposition  of  the  loess, — ^The  erosion  interval  which  succeeded  the 
deposition  of  the  Lafayette  formation  continued  well  into  Pleistocene 
time,  probably  until  the  second  (Kansan)  or  third  (lUinoisan)  ice 
invasion  of  the  Pleistocene  epoch,  at  which  time  continued  erosion 
was  prevented,  at  least  over  parts  of  the  area,  by  deposition  of  the 
loess  (some  of  which  may  be  older  than  the  lowan)  upon  the  sands 
and  gravels  of  the  Lafayette  formation. 

The  loess  as  it  exists  to-day  is  believed  to  be  only  a  fractional 
part  of  that  originally  deposited,  much  of  it  having  been  since  eroded 
away.  The  material  is  now  found  capping  Crowleys  Eidge,  except 
in  a  few  places  in  northern  Arkansas  and  southern  Missouri,  where 
it  has  been  eroded  from  the  crest  of  the  ridge ;  east  of  the  Mississippi 
lowland  the  loess  occurs  in  a  belt  5  to  25  miles  or  more  in  width, 
paralleling  the   Chickasaw   Bluffs   and   extending   from   southern 
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Illinois  southward  through  Kentucky,  Tennessee,  and  Missisappi  to 
Louisiana ;  along  the  western  margin  of  the  Mississippi  embayment 
in  Arkansas  fragmentary  renmants  of  yellowish,  reddish,  and  brown- 
ish loam,  which  probably  represent  the  loess,  are  found  capping  the 
Grandglaise  terrace  in  places  and  resting  upon  the  east-facing  slopes 
of  the  hills  of  the  Ozark  province.  How  much  of  the  intervening 
areas  now  occupied  by  the  Advance  lowland  and  the  Mississippi  low- 
land were  originally  covered  by  loess  is  not  known,  but  doubtless  the 
areal  extent  of  the  deposit  was  much  greater  than  at  present. 

Several  explanations  have  been  given  to  account  for  the  forma- 
tion of  the  loess.  These  have  been  summed  up  by  Chamberlin  and 
Salisbury  *  as  follows: 

By  the  aqueous  hypothesis  the  loess  is  assigned  to  direct  deposition  by  riTers, 
or  their  lakelike  expansions.  To  make  this  possible  it  is  necessary  to  sui^Mxie 
that  the  waters  stood  at  elevations  200  to  600  feet  higher  than  now  relative  to 
adjacent  surfaces,  in  the  Mississippi  Basin.  This  involves  difficulties  that  haTe 
never  been  satisfactorily  met  Furthermore,  if  the  waters  of  rivers  or  their 
lake-like  expansions  were  high  enough  to  cover  the  areas  overspread  by  loess, 
it  is  not  clear  that  there  could  have  been  an  appropriate  habitat  for  the  land 
fauna  of  the  time. 

Under  the  eolian  hypothesis,  or  at  least  one  phase  of  it,  the  river  flats  are 
supposed  to  have  supplied  the  material  of  the  loess,  which  was  whipped  up  by 
the  winds  and  redeposited  on  the  adjacent  uplands.  The  rivers  are  thus  made 
essential  factors  in  the  distribution,  though  not  the  direct  agents  of  deposition. 
This  hypothesis  seems  on  the  whole  to  best  fit  the  phenomena  of  the  larger  part 
of  the  upland  loess  of  the  Mississippi  Basin.  The  constituents  of  the  loess, 
which  appear  to  have  come  from  the  glacial  drift,  were  derived  largely  from 
the  deposits  made  by  glacial  waters  or  from  later  flood  plain  silts  derived  from 
the  glacial  formations,  but  It  is  probable  that  some  of  the  loess  was  derived  from 
glacial  drift  directly  before  It  became  clothed  with  vegetation. 

In  places  in  Crowleys  Ridge  the  basal  portion  of  the  loess  shows 
some  evidence  of  stratification  and  generally  the  stratified  materials 
are  sandy  or  argillaceous.  The  bulk  of  the  loess,  however,  is  massive, 
though  banding  is  discernible  in  the  more  complete  exposures.  The 
remains  of  land  shells  are  numerous  in  the  loess  from  St.  Frwicis 
County  to  the  southern  extremity  of  the  ridge.  One  fresh-water 
form,  Sphaerium  sp.?,  has  been  found  associated  with  land  shells 
at  two  localities  east  of  Forrest  City,  in  St.  Francis  County.  (See 
p.  108.)  Although  locally  the  basal  portion  of  the  loess  may  have 
been  deposited  in  ponds  or  small  lakes,  the  objections  to  the  aqueous 
hypothesis  to  account  for  the  origin  of  the  deposits  heretofore  ad- 
vanced, seem  in  the  main  to  be  applicable  here.  Of  the  explanations 
that  have  been  offered,  the  modified  eolian  hypothesis  described  in  the 
last  paragraph  of  the  quotation  just  given  seems  to  be  most  in  accord 
with  the  known  facts.    According  to  this  theory  fine  silts  derived 

I  Chamberlin,  T.  €.,  and  Sallsbary,  R.  D.,  A  <x>lle|^  textbook  of  geology,  pp.  888-890, 
1909. 
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from  the  glacial  drift  were  transported  southward  by  the  streams  and 
at  flood  stages  were  deposited  on  the  flood  plains;  these  materials, 
when  subsequently  dried,  were  lifted  by  the  winds  and  spread  upon 
the  adjacent  slopes  and  uplands.  As  the  materials  accumulated  the 
shelb  of  land  moUusks  were  entombed  and  in  places  preserved;  occa- 
sional slight  changes  in  the  prevailing  character  of  the  materials 
transported  by  the  streams  or  in  the  character  or  condition  of  the 
vegetable  growth  resulted  in  the  banding  observed  in  the  deposits. 

The  deposits  were  spread  over  a  considerable  part  of  the  area  now 
occupied  by  the  Advance  and  Mississippi  lowlands  and  have  been 
subsequently  largely  removed  by  the  extensive  lateral  cutting  effected 
by  the  streams  of  late  Pleistocene  and  Recent  time.  The  effective 
deposition  of  the  loess  probably  ceased  before  or  during  the  Peorian 
interglacial  stage. 

Erosion  of  the  great  troughs  west  and  east  of  Crowleys  Ridge  and 
deposition  of  Pleistocene  alluvium. — ^The  distribution  of  the  drain- 
age in  the  Mississippi  embayment  during  the  time  of  deposition  of 
the  loess  has  not  been  definitely  determined,  but  the  close  of  that 
time  found  Mississippi  and  Ohio  rivers  following  independent 
courses  southward  through  the  Mississippi  embayment,  the  former 
west  of  and  the  latter  east  of  Crowleys  Ridge;  the  two  joined  south 
of  the  present  southern  extremity  of  the  ridge.  If  it  be  true  that  the 
loess  was  deposited  by  wind  action,  this  fact  would  seem  to  preclude 
the  possibility  of  the  Mississippi  having  found  its  way  west  of  Crow- 
leys Ridge  during  the  time  of  that  deposition,  because  of  the  topo- 
graphic obstacles  that  must  have  intervened.  This  arrangement  of 
the  drainage  is  believed,  tlierefore,  to  date  back  into  the  Tertiary 
period.  Mississippi  River,  as  it  existed  in  southeastern  Missouri  im- 
mediately after  the  deposition  of  the  loess,  appears  to  have  been  a 
superimposed  stream,  which  also  tends  to  confirm  this  view. 

The  succession  of  geologic  events  which  transpired  in  the  northern 
part  of  the  Mississippi  embayment  from  the  close  of  loess  deposition 
to  the  present  time  has  been  determined  and  described  by  Marbut.* 

The  brief  account  which  follows  is  in  substance  the  interpreta- 
tion of  Marbut  with  the  application  of  his  interpretation  extended 
to  cover  the  whole  of  the  embayment,  and  with  such  modifications 
and  additions  as  the  conditions  existing  south  of  Missouri  make 
necessary. 

Shortly  subsequent  to  the  close  of  the  deposition  of  the  loess  the 
embayment  area  was  elevated,  probably  not  less  than  100  feet  above 
its  present  position  with  reference  to  sea  level.  Stream  erosion  was 
accelerated  and  the  rivers  quickly  entrenched  themselves,  their  lower 

^  Marbut,  C.  F.,  Tbe  evolation  of  the  northern  part  of  the  lowlands  of  soatheastem  Mis- 
■ouri :  Missouri  Univ.  Studies,  vol.  1,  No.  8,  63  pp.,  7  pis.,  1902. 
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limit  of  scour  reaching  a  level  corresponding  to  the  base  of  the  pres- 
ent alluvium  of  the  lowlands.  At  that  time  Mississippi  River  did 
not  follow  its  present  course,  but  flowed  southwestward  from  Cape 
Girardeau,  Cape  Girardeau  County,  Mo.,  northwest  of  the  present 
site  of  Benton  Ridge,  and  northwest  and  west  of  Crowleys  Ridge. 
Ohio  River  flowed  southwestward  east  of  Crowleys  Ridge  and  joined 
the  Mississippi  south  of  the  present  southern  extremity  of  the  ridge. 

From  Cape  Girardeau  to  Mingo,  Stoddard  County,  Mo.,  the  Mis- 
sissippi soon  found  both  its  downward  and  lateral  cutting  hindered 
by  hard  Paleozoic  rocks,  which  formed  its  bed  and  sides.  From 
Mingo  southward  through  Arkansas  the  river  was  entrenched  in 
imconsolidated  deposits  of  the  Coastal  Plain  and  quickly  reached 
grade;  thereafter  the  stream  meandered,  its  energies  were  exj>ended 
in  lateral  cutting,  and  a  great,  broad  trough  was^  geologically  speak- 
ing, quickly  scoured  out.  The  bottom  of  this  trough  was  125  to  200 
feet  below  the  present  level  of  the  Advance  lowland,  and  the  geo- 
graphic extent  coincided  with  this  lowland.  The  materials  removed 
belonged  in  descending  order  to  the  loess,  the  Lafayette  formation, 
and  to  the  Eocene  and  Cretaceous. 

Contemporaneous  with  the  lateral  cutting  the  river  was  redepositing 
sands,  clays,  and  gravels  on  the  plain  across  which  it  meandered,  so 
that  as  the  trough  was  widened  it  was  refilled  with  alluvial  deposits 
nearly  or  quite  to  the  level  marked  by  the  present  Advance  lowland. 
There  is  some  evidence  that  before  the  river  was  finally  diverted  from 
its  course  west  of  Crowleys  Ridge  a  slight  increase  in  the  thickness 
of  the  alluvial  deposits  was  caused  by  a  depression  of  the  area 
amounting  to  several  feet;  the  same  result  might  have  been  accom- 
plished, however,  by  an  increase  in  the  amount  of  materials  carried 
in  suspension  by  the  currents.  In  the  work  of  cutting  and  refilling 
this  trough  the  Mississippi  was  aided  to  some  extent  by  Arkansas 
and  White  rivers,  which  entered  the  valley  from  the  Ozark  province. 

The  ever-broadening  flood  plains  of  the  Mississippi  and  its  assist- 
ants. White  and  Arkansas  rivers,  were  periodically  overflowed  by 
flood  waters  which  spread  back  across  the  broad  flat  tracts  from  the 
main  channels  and  deposited  their  burdens  of  fine  silt,  producing  the 
layer  of  compact,  silty  clay  which  nearly  everywhere  forms  the 
uppermost  part  of  the  Pleistocene  alluvial  deposits.  At  many  places 
on  the  level  interstream  tracts  the  conditions  were  favorable  for  the 
precipitation  of  iron  oxide  as  limonite,  which  took  the  form  of  small, 
impure  concretions,  or  a  sort  of  bog  iron  ore ;  these  concretions  char- 
acterize the  so-called  buckshot  soils  of  the  area. 

Contemporaneous  with  the  dissection  and  partial  refilling  of  the 
great  valley  west  of  Crowleys  Ridge,  Ohio  River  was  accomplishing 
analogous  results  east  of  the  ridge.  After  leaving  the  Paleozoic  rocks 
above  Cairo,  111.,  the  Ohio  encountered  only  unconsolidated  mate- 
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rials  and  quickly  scoured  out  and  partly  aggraded  a  trough  nearly 
coextensive  with  the  present  Mississippi  lowland.  Crowleys  Ridge 
stood  between  these  two  great  valleys  and  remains  to  the  present  time 
a  remnant  of  and  an  index  to  the  deposits  that  filled  the  lowlands 
previous  to  the  cutting  of  the  two  great  valleys.  The  flood  plain  built 
by  the  Ohio  was  similar  to  that  formed  by  the  Mississippi,  except  that 
in  the  northern  part  of  the  embayment,  the  plain  of  the  Ohio  stood  a 
few  feet  lower  than  that  of  the  Mississippi.  Only  small  remnants  of 
this  old  Ohio  Kiver  flood  plain  testify  to  its  former  existence. 

Captures  of  Mississippi  River  by  Ohio  River. — ^At  this  stage  in 
the  evolution  of  the  embayment  area  an  event  transpired  which  caused 
a  radical  change  in  the  arrangement  of  the  drainage.  A  small  tribu- 
tary of  Ohio  River,  the  source  of  which  was  in  the  highland  that 
then  connected  Benton  Ridge,  Mo.,  and  the  northern  extremity 
of  Crowleys  Ridge,  had  been  gradually  pushing  its  headwaters  north- 
ward toward  Mississippi  River.  The  fact  that  Ohio  River  flowed  at 
a  lower  level  than  Mississippi  River  made  it  possible  for  this  small 
tributary  stream  to  perform  a  remarkable  feat.  Omitting  numerous 
interesting  details  described  by  Marbut,  the  stream  cut  its  headwaters 
back  until  one  of  them  finally  tapped  the  Mississippi  somewhere  in 
the  vicinity  of  the  present  village  of  Delta,  and  the  waters  of  that 
great  stream,  accepting  the  advantage  offered  by  this  steeper  and 
shorter  route  southward,  followed  the  small  valley  and  quickly 
car\'ed  out  a  channel  suitable  to  their  greater  needs.  The  Mississippi 
thus  abandoned  its  course  west  of  Crowleys  Ridge  and  joined  the 
Ohio,  probably  a  short  distance  south  of  the  present  site  of  New 
Madrid. 

The  Mississippi  occupied  this  new  course  until  by  lateral  cutting  it 
produced  the  gap  which  now  separates  Benton  and  Crowleys  ridges, 
and  which  forms  a  part  of  the  Morehouse  lowland  of  Marbut.  In  the 
meantime  another  small  tributary  of  Ohio  River  had  been  pushing  its 
headwaters  northward  from  the  vicinity  of  Commerce,  Scott  Coimty, 
Mo.,  toward  Grays  Point  (Graysboro),  also  in  Scott  County,  and 
eventually  this  stream  succeeded  in  tapping  the  Mississippi  and  di- 
verting its  waters  southward  to  join  the  Ohio  somewhere  not  far 
from  its  present  junction  at  Cairo.  Thus  twice  in  a  relatively  short 
period  this  great  major  stream  was  diverted  from  its  former  course 
by  streams  of  insignificant  size. 

After  the  first  capture  of  the  Mississippi,  the  waters  of  Castor  and 
St.  Francis  rivers,  former  tributaries  of  the  Mississippi,  continued 
to  flow  west  of  Crowleys  Ridge.  Since  that  time  both  of  these  streams 
have  been  diverted  through  Crowleys  Ridge  by  small  streams  working 
backward  into  the  ridge  in  the  same  manner  that  the  captures  of  the 
Mississippi  were  effected.    L'Anguille  River,  one  of  the  consequent 
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ECONOMIC  USES. 

The  surface  waters  of  the  area  are  of  suitable  quality  for  use 
boiler  supplies,  for  irrigation,  and  for  stock.  The  waters  of  ' 
streams  are  suitable  for  domestic  and  municipal  water  supplies, 
cept  those  that  are  polluted  or  heavily  loaded  with  sediment 
ground  waters  unobjectionable  in  these  respects  are  available  in  nj 
of  the  area,  the  surface  waters  have  been  adopted  only  to  sn 
extent  for  domestic  and  municipal  use.  Where  it  is  impractia 
to  obtain  adequate  supplies  of  underground  water,  as  at  Little  R 
which  is  on  the  boundary  between  the  Ozark  province  and  the  C 
Coastal  Plain,  proper  filtration  will  render  the  surface  waters  p 
ble.  The  city  water  supplies  of  Little  Rock,  Pulaski  County ;  N 
port,  Jackson  County ;  and  Luxora,  Mississippi  County,  are  obtai 
from  Arkansas,  White,  and  Mississippi  rivers,  respectively. 

GROUND  WATERS. 

S0X7BCK 

The  strata  which  underlie  northeastern  Arkansas  are  satur 
with  water  below  a  level,  known  as  the  water  table,  which  rad 
from  the  surface  to  a  depth  of  100  feet  or  more.    The  water  table  | 
deepest  in  Crowleys  Ridge  and  shallowest  in  the  lowlands  east 
west  of  that  ridge;  in  the  swamps  it  lies  continuously  or  inter 
tently  above  the  surface  of  the  ground.    The  water  table  does  | 
occupy  a  fixed  position  at  any  given  place  but  continually  fluctu^ 
being  highest  at  the  end  of  a  long  period  of  precipitation  and  lol 
at  the  end  of  a  long  drought. 

Although  saturated  to  the  level  of  the  water  table  the  var 
strata  do  not  yield  their  contained  waters  to  wells  with  equal 
ness.  The  waters  in  the  more  compact  layers  are  so  comple 
locked  within  the  fine  interstices  as  to  be  practically  unobtaina 
Only  the  more  porous  sands  and  gravels  yield  their  waters 
and  in  large  quantities;  it  is  to  strata  composed  of  these  mateij 
that  the  term  water-bearing  beds  is  commonly  applied,  and 
are  the  strata  that  the  well  driller  seeka  to  reach  with  the  drill. 

The  location  and  depth  of  wells  concerning  which  detailed  in! 
mation  has  been  obtained  are  indicated  in  Plate  XI. 

The  greater  part  of  the  ground  water  of  northeastern  Arkans 
derived  from  rainfall  within  the  borders  of  the  area.    The 
ment  area  for  the  waters  of  the  flowing  wells,  east  of  Crow!| 
Ridge,  in  the  Mississippi  lowland,  however,  lies  east  of  Missis 
River  in  Mississippi,  Tennessee,  and  Kentucky.     There  is  proba 
also  a   general,  though  extremely   slow   movement  of  the 
waters  from  the  head  of  the  Mississippi  embayment  in  M 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


I 


i 


f\ 


Digitized  by  VjOOQIC 


GROUND  WATERS.  135 

southward  toward  the  Gulf.  Some  water  may  also  leak  from  the 
Paleozoic  basement  rocks  to  the  unconsolidated  deposits  of  the  Gulf 
Coastal  Plain,  particularly  near  the  outer  border  of  the  embayment 
area. 

At  certain  places  elsewhere  in  the  Atlantic  and  Gulf  Coastal  Plain 
waters  absorbed  by  the  strata  at  the  time  of  their  deposition  on  the 
bottom  of  the  ocean  have  remained  locked  in  the  interstices  of  the 
materials  to  the  present  time,  and  unless  such  waters  have  been 
greatly  modified  by  subsequent  mixture  with  waters  from  other 
sources,  their  resemblance  to  sea  water  renders  it  possible  for  the 
chemist  to  detect  their  marine  origin.  There  is,  however,  no  evi- 
dence to  show  that  any  of  the  imderground  waters  of  northeastern 
Arkansas  are  originally  included  sea  waters,  and  it  may  be  repeated 
that  nearly  all  the  ground  water  now  recovered  by  wells  in  that  area 
is  derived  from  rainfall  within  the  area  itself. 

DISPOSAL. 

Van  Hise  ^  has  estimated  that  at  least  99  per  cent  of  the  meteoric 
waters  that  enter  the  earth  return  to  the  surface  sooner  or  later,  the 
remaining  1  per  cent  or  less  entering  into  chemical  combination  with 
minerals.  A  large  part  of  the  ground  water  gradually  returns  to 
the  surface  by  capillary  attraction  and  is  evaporated ;  a  large  part 
is  taken  up  by  the  roots  of  plants  and  is  eventually  evaporated ;  and 
a  large  part  emerges  at  the  surface  as  springs  and  flows  away  in 
streams.  In  an  area  imderlain  by  strata  that  are  inclined  slightly 
toward  the  ocean,  as  in  the  Atlantic  and  Gulf  Coastal  Plain,  there  is 
probably  a  constant  though  extremely  slow  movement  of  the  ground 
waters  in  the  direction  of  the  coast,  so  that  a  large  proportion  of 
these  waters  may  reach  the  ocean  by  this  course.  In  some  thickly 
settled  regions,  where  enough  water  is  removed  from  the  earth  by 
wells  to  lower  the  water  table  appreciably,  the  problem  of  conserving 
the  ground  waters  becomes  important. 

QUANTITY. 

In  the  part  of  Arkansas  included  in  the  Mississippi  embayment 
ground  waters  are  abundant  except  in  certain  locally  imfavorable 
areas.  The  depth  to  water-bearing  strata  of  large  capacity  differs, 
but  throughout  the  lowlands  which  comprise  the  greater  part  of  the 
area,  large  quantities  of  water  are  obtained  at  depths  of  50  to  20C 
feet.  Many  wells  in  the  rice-growing  areas  are  pumped  at  rates  be- 
tween 1,000  and  3,000  gallons  a  minute,  or  even  more,  but  reports 
so  far  received  indicate  no  appreciable  decrease  in  the  underground 
supplies. 

^  Van  Hisc,  C.  R.,  Treatise  on  metamorpbism  :  U.  S.  Geol.  Survey  Mon.  47,  p.  156,  1904. 
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ST&ATiaSAPHIC  DISTSIBUnON. 
CRETACEOUS   DEPOSITS. 

The  beds  of  porous  sand  which  partly  compose  the  buried  Creta- 
ceous deposits  of  the  area  constitute  an  important,  though  largely 
undeveloped,  source  of  artesian  water.  The  depth  to  the  Cretaceous 
deposits  has  not  been  determined  precisely  at  any  place,  but  accord- 
ing to  the  interpretation  of  the  record  of  a  well  at  Memphis,  Tenn., 
strata  of  this  age  were  first  encountered  there  at  a  depth  of  1,135 
feet.  In  northeastern  Arkansas  flowing  wells  that  doubtless  tap 
water-bearing  beds  of  Cretaceous  age  are  in  use  at  Blytheville, 
Mississippi  County  (depth  1,448  feet) ;  Burdette,  Mississippi  County 
(depth,  1,495.5  feet) ;  Wilson,  Mississippi  Coimty  (depth,  1,567 
feet) ;  and  Marked  Tree,  Poinsett  Coimty  (depth,  2,007  feet).  Non- 
flowing  wells  that  tap  beds  of  this  age  are  located  at  Jonesbora, 
Craighead  County  (1,214  and  1,265  feet  deep,  respectively),  and 
at  Newport,  Jackson  Coimty  (depth  to  Paleozoic  rocks,  655  feet). 

TERTIARY  DEPOSrTS. 
BOOEVE  STRATA. 

Basal  Eocene  strata,  which  outcrop  in  the  Grandglaise  terrace 
along  the  western  border  of  the  Mississippi  embayment,  have  been 
correlated  with  the  Midway  formation,  and  the  Eocene  deposits 
that  compose  the  core  of  Crowleys  Ridge  have  been  roughly  sepa- 
rated in  ascending  order  into  the  Wilcox,  Claiborne,  and  Jackson 
formations.  With  these  exceptions,  the  deposits  of  Eocene  age  whidi 
imderlie  practically  all  eastern  and  northeastern  Arkansas,  beneath 
the  Pleistocene  and  Recent  alluvial  deposits,  remain  undifferentiated, 
and  until  a  large  amount  of  accurate  well  data  has  been  obtained 
must  be  treated  as  a  unit.  A  few  wells  scattered  over  the  area  have 
demonstrated  that  these  buried  Eocene  deposits  contain  important 
water-bearing  beds  and  constitute  a  possible  source  of  artesian 
water,  which  is  still  largely  imdeveloped. 

The  Eocene  strata  dip  slightly  away  from  the  rim  of  the  Missis- 
sippi embayment,  and  their  numerous  interbedded  layers  of  porous 
sand  contain  waters  imder  sufficient  hydrostatic  pressure  to  bring  them 
within  easy  reach  of  ordinary  force  or  suction  pumps,  and  perhaps  in 
places  in  the  Mississippi  lowland,  to  produce  flows  at  the  surface. 
Deep  wells  have  not  been  drilled  in  sufficient  number  to  determine  the 
vertical  positions  of  the  more  extensive  water-bearing  portions  of 
the  deposits.  Some  wells  have  shown  the  presence  of  thick  beds  of 
clay  which  are  economically  not  water  bearing;  others  have  encoun- 
tered sands  which,  locally  at  least,  are  abundantly  water  bearing. 
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Concerning  a  few  wells,  notably  certain  ones  on  or  near  Crowleys 
Sidge,  the  probable  subdivision  of  the  Eocene  to  which  the  water- 
bearing beds  belong  can  be  indicated. 

The  wells  known  to  tap  water-bearing  beds  in  the  Eocene  deposits 
are  indicated  in  the  tables  of  well  data  accompanying  the  descrip- 
tions of  the  water  resources  of  the  various  counties.  A  few  of  the 
more  important  wells  will,  however,  be  mentioned  here. 

At  Marked  Tree,  Poinsett  Coimty,  there  are  four  wells,  392  to  400 
feet  in  depth  (see  wells  Nos.  4r-7,  p.  248),  which  tap  a  water-bearing 
bed  of  Ek>cene  age,  probably  belonging  to  the  upper  part  of  the  Wil- 
cox formation.  The  water  is  obtained  between  the  depths  360  and  400 
feet  and  rises  within  1^  to  8  feet  of  the  surface.  This  stratum  is 
an  important  aquifer,  at  least  locally,  since  each  of  the  four  wells 
yields  enough  water  to  supply  the  boilers  of  a  large  lumber  mill. 

At  Blytheville,  Mississippi  Coimty,  a  well  520  feet  deep  (see  well 
No.  2,  p  228)  taps  a  water-bearing  sand  at  a  depth  of  500  feet;  the 
water  rises  within  15  feet  of  the  surface,  and  the  yield  is  sufficient 
to  supply  the  boilers  of  a  large  lumber  mill.  This  stratum  is  believed 
to  be  in  the  Wilcox  formation  of  the  Eocene. 

At  Turrell,  in  Crittenden  County,  gray  water-bearing  sand,  prob- 
ably belonging  to  the  basal  portion  of  the  Wilcox  formation,  is  en- 
countered in  the  lower  24  feet  of  an  864- foot  well  (well  No.  5,  p.  178) ; 
the  static  head  of  the  well  is  12  feet  below  the  surface. 

Wells  at  Wynne,  Cross  Coimty,  186,  250,  and  360  feet  deep,  re- 
spectively (wells  Nos.  15,  16,  19,  p.  184),  tap  water-bearing  beds 
in  Eocene  deposits,  probably  belonging  to  the  Wilcox  formation  of 
that  series. 

At  Parkin,  in  Cross  Coimty,  two  wells,  480  and  597  feet  deep,  re- 
spectively, obtain  water  from  beds  of  sand  believed  to  belong  to  the 
upper  part  of  the  Wilcox  formation  (wells  Nos.  9,  10,  p.  184).  In 
one  well  (No.  9)  the  water  rises  within  10  feet  of  the  surface,  and  in 
another  (No.  10)  within  12  feet  of  the  surface;  each  well  supplies  the 
boilers  of  a  large  mill  which  manufactures  wood  products. 

Another  well  which  taps  a  coarse,  water-bearing  sand,  probably 
belonging  to  the  upper  part  of  the  Wilcox  formation,  is  at  Earl, 
Crittenden  County  (well  No.  1,  p.  178).  It  is  474  feet  deep,  and 
the  water-bearing  sand  makes  up  the  lower  60  feet  of  the  section; 
the  static  head  is  14|  feet  below  the  surface. 

The  mimicipal  water  supply  of  Forrest  City,  St.  Francis  Coimty, 
is  obtained  from  three  wells,  425,  425+,  and  450  feet  in  depth,  re- 
spectively, which  at  a  depth  of  400  feet  tap  a  coarse,  water-bearing 
sand  probably  referable  to  the  upper  part  of  the  Wilcox  formation ; 
the  Water  rises  within  70  feet  of  the  surface  (wells  Nos.  3,  4,  5, 
p.  268). 
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The  municipal  water  supply  of  Marianna,  Lee  County,  is  taken 
from  two  wells,  each  619  feet  deep  (wells  Nos.  3,  4,  p.  212).  Here 
the  source  of  the  water  is  white  sand  of  Eocene  age;  the  water  rises 
within  60  feet  of  the  surface. 

At  and  near  Helena,  Phillips  Coimty,  nimierous  wells,  including 
those  of  the  city  waterworks,  tap  clean  coarse  to  fine  water-bearing 
sands  at  depths  of  450  to  575  feet;  these  sands  probably  belong  to 
the  Claiborne  formation  (wells  Nos.  2-6,  p.  240).  The  water,  which 
is  soft  and  of  excellent  quality  for  domestic  and  industrial  supplies, 
rises  within  18  to  40  feet  of  the  surface. 

A  400-foot  well  at  Barton,  Phillips  County,  taps  a  water-bearing 
sand  which  probably  corresponds  to  that  penetrated  by  the  wells  at 
Helena;  the  static  head  is  20  feet  below  the  surface  and  the  water 
is  soft  (well  No.  1,  p.  240). 

At  Brinkley,  in  Monroe  County,  the  municipal  water  supply  is 
obtained  from  a  weU  (565  feet  deep),  which  penetrates  a  fine,  white, 
water-bearing  sand  in  the  lower  68  feet  of  the  section;  the  static 
head  is  40  feet  below  the  surface  (well  No.  1,  p.  232). 

LAFAYETTE  FOEXATIOH   (PLZOCEITE?). 

The  Lafayette  formation  is  locally  water  bearing  in  Crowleys 
Ridge,  where  it  is  tapped  by  numerous  bored  and  dug  wells;  the 
waters  belong  to  the  nonartesian  class  (p.  139)  and  are  used  for  house 
and  farm  supplies.  The  formation  is  the  source  of  the  waters  of 
many  small  springs. 

QUATERNARY    DEPOSrTS. 

The  loess  is  not  an  important  water-bearing  formation  because  of 
its  close  texture  and  its  elevated  topographic  position. 

The  Pleistocene  alluvium,  which  underlies  the  Advance  lowland 
to  an  estimated  maximum  depth  of  200  feet,  is,  from  an  economic 
standpoint,  the  most  important  water-bearing  formation  in  north- 
eastern Arkansas.  In  the  interstream  areas  the  materials  immedi- 
ately imderlying  the  surface  almost  everywhere  are  compact,  silty 
clays  that  are  nearly  impervious  to  water  and  therefore  protect  the 
waters  below  them  from  surface  pollution.  The  waters  are  con- 
tained chiefly  in  the  fine  to  coarse  sands  and  gravels  which  compose 
the  lower  one-half  to  two-thirds  of  the  deposits. 

In  the  Mississippi  lowland  the  coarse  sands  and  gravels  of  Pleis- 
tocene age,  which  largely  compose  the  basal  portion  of  the  Quater- 
nary alluvial  deposits  also  are  abundantly  water  bearing. 

The  sands  and  gravels  of  the  Recent  alluvium  contain  abundant 
water  suitable  for  use  in  boilers  and  other  industrial  operations.  In 
general,  these  waters  are  not  considered  desirable  for  domestic  use 
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because  of  the  danger  of  pollution ;  where  local  beds  of  impervious 
clay  overlie  the  water-bearing  beds,  the  waters  may,  however  be 
safely  used. 

SFBINQS. 

Numerous  small  springs  in  Crowleys  Ridge  and  in  the  Grand- 
glaise  terrace  are  used  to  a  small  extent  as  house  and  farm  supplies. 
In  the  lowlands  seepage  springs  are  common  along  the  stream  banks, 
along  the  margins  of  swamps,  and  at  the  heads  of  small  branches,  but 
they  are  of  slight  importance  because  of  their  intermittent  character 
and  small  yield. 

NONABTESIAN  WATERS. 

DEFINrnON  AND  IMPORTANCE. 

The  term  "  nonartesian  "  is  in  this  report  applied  to  ground  waters 
that  are  not  under  sufficient  hydrostatic  pressure  to  force  them  above 
the  containing  beds  when  they  are  tapped  by  wells  or  other  excava- 
tions. Nonartesian  waters  are  of  great  economic  importance  in  the 
Arkansas  lowlands  because  they  are  used  more  extensively  than 
those  of  any  other  class  for  domestic  and  industrial  supplies  and  for 
irrigation.  Their  value  has  become  more  fully  appreciated  since  their 
applicability  to  rice  lands  has  been  demonstrated. 

The  nonartesian  waters  are  contained  in  the  alluvial  deposits  which 
underlie  the  Mississippi  lowland  and  the  Advance  lowland  to  depths 
of  100  to  225  feet.  The  water  table  in  these  deposits  ranges  in  vertical 
position  from  the  surface  to  a  depth  of  65  feet. 

Except  perhaps  locally  these  waters  do  not  rise  at  all  in  wells 
above  the  level  of  the  water  table  or  rise  only  slightly  above  it.  In 
the  tables  of  well  data  which  accompany  the  county  descriptions 
the  depth  to  the  principal  water-bearing  bed  of  most  wells  is  re- 
ported as  greater  than  the  depth  at  which  the  water  stands  in  the 
wells;  but  the  principal  water-bearing  bed  is  generally  understood  by 
well  owners  and  drillers  to  be  the  coarse,  basal  sands  and  gravels 
which  yield  their  contained  waters  readily,  and  the  true  water  table  is 
at  a  higher  level  in  the  finer  overlying  sands,  which  are  an  essential 
part  of  the  reservoir.  The  geologic  position  of  the  nonartesian  waters 
is  graphically  represented  in  a,  figure  3,  p.  142,  and  6,  figure  4,  p.  143. 

METHODS  OF  DEVELOPMENT. 

The  nonartesian  waters  are  obtained  by  means  of  dug,  bored,  and 
driven  wells,  and  are  raised  by  rope  and  bucket,  hand  suction  or  force 
pumps,  windmills^  and  various  types  of  more  powerful  steam  or 
gasoline  driven  pumps.  The  type  of  well,  its  depth  and  diameter, 
and  the  kind  of  lifting  machinery  are  determined  by  the  purpose  to 
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which  the  waters  are  to  be  put  and  the  amount  of  water  required- 
Wells  intended  to  supply  municipalities,  large  factories,  and  irri- 
gated lands  are  equipped  with  powerful  machinery,  centrifugal 
pumps  and  air  lifts  being  most  generally  used.^ 

ABTESIAN  WATEB& 
DEFINITION. 

The  term  "  artesian  "  is  applied  in  this  report  to  ground  waters  that 
are  under  sufficient  hydrostatic  pressure  to  force  them  above  the  level 
of  the  containing  beds  when  they  are  penetrated  by  wells  or  other  ex- 
cavations. Thus  artesian  water  does  not  necessarily  overflow,  and 
an  artesian  well  may  be  either  flowing  or  nonflowing.  The  signifi- 
cance of  the  term  "  artesian  "  has  been  discussed  by  Fuller.* 

GENERAL  CONDITIONS  GOVERNING  OCCURRENCE. 

Fuller's  summary*  of  the  essentials  and  secondary  factors  of  arte- 
sian flows,  which  is  applicable  also  to  nonflowing  artesian  waters,  is 
quoted  below : 

The  essentials  of  artesian  flows,  as  recognized  by  the  writer,  are  as  follows: 

1.  An  adequate  source  of  water  supply. 

2.  A  retaining  agent  offering  more  resistance  to  the  passage  of  water  tlinn 
the  weU  or  other  opening. 

3.  An  adequate  source  of  pressure. 

The  first  requisite  is  not  made  specific  as  regards  source,  because,  as  has  been 
pointed  out,  artesian  waters  are  not  derived  from  a  single  but  from  a  variety 
.  of  sources.  The  second  requisite — ^the  retaining  agent — may  be  a  stratoiu,  a 
vein  or  dike  wall,  a  joint,  fault,  or  other  fracture  plane,  a  water  layer,  or  some 
one  of  a  variety  of  other  agents.  ♦  ♦  ♦  The  pressure,  although  primarily 
due  to  variations  in  level  in  the  different  parts  of  the  artesian  system,  may  be 
transmitted  in  so  many  ways  and  is  subject  to  so  many  modifying  factors  that 
the  postulation  of  a  specific  cause  is  impracticable.    *    *    * 

It  is  believed  that  the  three  factors  stated  in  the  preceding  paragraph  are 
till  that  can  be  considered  as  essential  to  artesian  fiows,  aU  other  postulated 
requisites  being  in  reality  modifying  or  accessory  rather  than  essential  fac- 
tors.   These  secondary  factors  may  be  classified  as  follows: 

*  Wilson,  H.  M.,  Pumping  water  for  Irrigation :  U.  S.  Oeol.  Survey  Water-Supply  Paper 
1.  67  pp.,  1896. 

Murphy,  E.  C,  Windmills  for  Irrigation:  U.  S.  Oeol.  Survey  Water-Supply  Pap«r  8, 
49  pp..  1897. 

Hood,  O.  P.,  New  tests  of  certain  pumps  and  water  lifts  used  In  trrlKation :  V.  S.  Geol. 
Survey  Water-Supply  Paper  14.  91  pp..  1898. 

Perry,  T.  O.,  Experiments  with  windmills :  U.  S.  Oeol.  Survey  Water-Supply  Paper  20, 
97  pp.,  1899. 

These  reports  can  be  consulted  only  in  libraries,  as  the  editions  have  long  been 
exhausted. 

«  Fuller,  M.  L..  Underground-water  papers :  U.  S.  Geol.  Survey  Water-Supply  Paper  IGO, 
pp.  9-15,  1908. 

*  Fuller,  M.  L.,  Summary  of  the  controlling  factors  of  artesian  flows :  U.  S.  Oeol.  Sur- 
vey Bull.  319,  pp.  36,  37,  1908. 
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Secondary  factors  of  artesian  flows, 

I.  Hydrostatic  factors  (relating  to  pressure  and  movement) : 

1.  Factors  mainly  affecting  pressure — 

(a)  Barometric  pressure. 

(6)  Temperature. 

(c)  Density. 

((f)  Rock  pressure. 

2.  Factors  mainly  affecting  movement — 

(o)  Porosity. 

(h)  Size  of  pores  or  openings, 
(c)  Temperature. 
II.  Creologic  factors  (relating  to  reservoir) : 

1.  Character  of  reservoir. 

2.  Retaining  agents. 

3.  Structure  of  reservoir. 

4.  ToiK)graphic  conditions 

5.  Conditions  relating  to  supply — 

(a)  Catchment  conditions. 
(6)  Condition  of  underground  feed. 
G.  CJonditions  of  leakage. 

Hydrostatic  pressure  in  ground  waters  results  from  various  causes, 
but  any  set  of  conditions  that  produces  such  pressure  may  be  termed 
an  artesian  system.  Fuller^  has  illustrated  by  diagrams  several  of 
the  more  common  artesian  systems. 

CONDITIONS   IN   THE  ADVANCE  LOWLAND. 

The  artesianand  nonartesian  conditions  from  north  to  south  in  the 
Advance  lowland  west  of  Crowleys  Ridge  are  shown  diagram- 
matically  in  figure  3.  The  Eocene  and  Cretaceous  strata  which  con- 
tain the  artesian  waters  are  completely  covered  by  Quaternary  allu- 
vial deposits  (a)  which  contain  nonartesian  waters.  Rain  is  absorbed 
by  the  alluvium  chiefly  through  the  sandy  surface  materials  (c) 
forming  the  broad  flood  plains  of  the  present  streams,  but  in  part 
through  the  slightly  pervious  silty  loams  and  clays  (6)  which  imme- 
diately underlie  the  interstream  areas.  The  alluvial  deposits  are 
saturated  with  water  below  the  level  of  the  water  table,  which  lies 
from  a  few  feet  to  65  feet  below  the  surface ;  the  tendency  to  develop 
hydrostatic  pressure  in  the  water  contained  in  the  alluvial  deposits 
produced  by  their  slight  southward  tilt  is  overcome  by  friction  and 
the  waters  are  therefore  nonartesian. 

The  alluvial  deposits  serve  as  a  catchment  area  for  the  water- 
hearing  beds  of  the  underlying  Eocepe  and  Cretaceous  strata  which 
dip  at  a  greater  angle  to  the  southward ;  the  water  gains  entrance  to 
these  beds  at  the  points  indicated  by  the  arrows  (h).  In  the  pervious 
stratum  (d)  which  lies  between  two  relatively  impervious  strata,  the 

'  Poller.  M.  L.,  Summary  of  the  controlUng  factors  of  artesian  flows :  U.  8.  GeoL  Sur- 
rey Bull.  aiO.  pp.  3»-42,  1008. 
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only  hindrance  to  the  passage  of  the  water  down  the  dip  is  fricti<Mi; 
friction  in  the  bed  below  the  point  at  which  it  is  tapped  by  the  well 
produces  a  certain  amount  of  hydrostatic  pressure.  In  the  pervious 
stratum  (e)  which  pinches  out  down  the  dip  between  two  relatively 
impervious  strata,  hydrostatic  pressure  is  produced  by  the  weight  of 
the  confined  water.  The  pervious  stratum  (/)  merges  down  the  dip 
into  relatively  impervious  materials  and  hydrostatic  pressure  is  pro- 
duced in  the  same  manner  as  in  stratum  (e).    In  the  pervious  stratum 


FioURa  3. — Section  to  illustrate  artesian  and  nonartesian  conditions  in  the  Advance  kmr- 
land  west  of  Crowleys  Ridge,  Ark.    For  explanation  see  text. 

(ff)  the  passage  of  the  water  down  the  dip  is  prevented  by  an  unccHi- 
formity,  and  hydrostatic  pressure  is  produced  in  the  same  manner  as 
in  the  two  preceding  cases. 

Although  hydrostatic  pressure  exists  in  the  southward-dipping 
Cretaceous  and  Eocene  strata  of  the  Advance  lowland  as  represented 
in  figure  3,  the  conditions,  so  far  as  imderstood  and  so  far  as  tested, 
seem  to  be  unfavorable  for  the  development  of  sufficient  pressure  to 
force  the  water  above  the  surface  of  the  ground. 

CONDmONS  IN  THE  MISSISSIPPI  LOWLAND. 

In  the  Mississippi  lowland  east  of  Crowleys  Ridge  the  conditions 
which,  when  viewed  from  north  to  south,  appear  to  be  similar  to  those 
in  the  Advance  lowland  west  of  the  ridge,  are  modified  by  a  set  of 
east-west  conditions  favorable  to  the  production  of  hydrostatic  pres- 
sure sufficient  to  cause  overflows  at  the  surface  in  wells  1,000  feet  or 
more  in  depth.  Figure  4  represents  these  conditions  along  a  line  from 
the  vicinity  of  Lexington,  Tenn.,  westward  through  Mississippi 
County,  Ark.,  to  Crowleys  Ridge,  and  similar  conditions  probably 
exist  throughout  the  greater  part  of  the  Mississippi  lowland.  (See 
PL  XI.)  This  area  is  underlain  beneath  150  to  225  feet  of  Quaternary 
alluvial  deposits,  in  descending  order,  by  2,000  to  3,000  feet  or  more  of 
Eocene  and  Cretaceous  strata  which  rise  eastward  and  outcrop  in 
Tennessee  and  Mississippi  at  elevations  of  400  to  600  feet.  On 
account  of  the  greater  elevation  of  the  catchment  area  and  the  con- 
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sequent  greater  weight  of  the  waters  confined  in  the  inclined  strata, 
greater  hydrostatic  pressure  is  developed  in  the  deposits  underlying 
the  Mississippi  lowland.  This  is  believed  to  be  the  explanation  of  the 
flows  obtained  in  Mississippi  County  at  Blytheville  (depth,  1,448 
feet),  Burdette  (depth,  1,495  feet),  and  Wilson  (depth,  1,567  feet), 
and  in  Poinsett  County  at  Marked  Tree  (depth,  2,007  feet). 


Horizontal  scale 
25 


2^00 


Vertical    scale 

O  2.500 


FiouRB  4. — Generalized  section  to  explain  the  caose  of  artesian  flows  in  the  Mississippi 
lowland :  Water  entering  the  Eocene  and  Cretaceous  deposits  in  the  catchment  area  a  a 
passes  down  the  inclined  strata  by  gravity.  Hydrostatic  pressure  is  developed  in  the 
seTeral  ways  explained  in  figure  3.  and  because  of  the  greater  elevation  of  the  catch- 
ment area  the  pressure  is  great  enough  to  cause  overflows  in  the  Mississippi  lowland. 
h  is  the  Quaternary  alluvium  of  the  Mississippi  Valley. 

ECONOMIC  USESw 
GENERAL  USES. 

Throughout  northeastern  Arkansas  water  for  dotnestic  and  farm 
use  is  obtained  chielBy  from  wells.  Except  Little  Rock,  Pulaski 
County;  Newport,  Jackson  County;  and  Luxora,  Mississippi 
County;  which  use  the  waters  of  Arkansas,  White,  and  Mississippi 
rivers,  resp^ively,  the  towns  and  cities  having  municipal  water- 
works are  supplied  from  wells.  Nearly  all  the  manufacturing  plants 
and  railroads  draw  from  the  same  source.  The  ground  waters  have 
l>€en  used  locally  in  a  small  way  for  irrigating  lands  devoted  to 
market  gardening,  but  because  of  the  relatively  high  precipitation  the 
necessity  for  such  irrigation  is  keenly  felt  only  at  occasional  intervals. 
The  advantage  gained,  however,  by  even  distribution  of  moisture 
during  the  growing  season  would  doubtless  render  profitable  the  gen- 
eral establishment  of  pumping  plants  on  garden  farms. 
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RICE   CULTURE.* 
HI8T0BT. 

Rice  has  been  grown  commercially  in  Arkansas  since  19(M:  and  con- 
ditions are  ideal  for  the  rapid  development  of  the  industry.  The  schIs 
of  most  of  the  prairie  land  in  the  interstream  areas  of  the  Advance 
lowland  between  Crowleys  Ridge  and  Arkansas  River  are  peculiarly 
adapted  in  composition  and  distribution  to  the  raising  of  this  ceretl, 
and  large  quantities  of  the  water  necessary  for  irrigation  lie  at  rela- 
tively shallow  depths  beneath  the  prairies.  For  the  following  ac- 
count of  the  beginning  of  the  rice-growing  industry  in  the  prairie 
of  Arkansas  the  authors  are  indebted  to  Mr.  W.  H.  Full-  r,  of  Lonoke, 
the  pioneer  experimenter  who  raised  the  first  commercially  important 
crop  of  rice  in  the  State,  and  to  Mr.  E.  G.  Norton,  of  Brinkley,  who 
has  taken  special  pains  to  furnish  data  from  reliable  sources. 
-  In  August  and  September,  1896,  Mr.  Fuller  and  Mr.  H.  H.  Purycai 
made  a  wagon  trip  from  Lonoke  southward  through  Arkansas  and 
Louisiana  to  the  Gulf  of  Mexico.  Eight  miles  noilih  of  Crowley,  La., 
they  saw  rice  fields  owned  and  operated  by  Abbott  Bros.,  of  Crow- 
ley. As  this  was  the  first  rice  either  of  them  had  seen  growing,  they 
spent  two  days  studying  the  plantations  of  Abbott  Bros,  and  of 
W.  W.  Duson,  and  became  convinced  that  the  conditions  imder  which 
rice  was  grown  in  the  prairies  of  southwestern  Louisiana  were  essen- 
tially like  those  existing  in  the  prairies  of  Lonoke  Coimty,  Ark. 

After  his  return  to  Lonoke,  Mr.  Fuller  made  preparaticms  to  raise 
an  experimental  crop  of  rice  on  his  farm,  8  miles  southeast  of 
Lonoke  (in  the  NW.  i  sec  8,  T.  1  N.,  R.  7  W.).  He  drilled  two 
4-inch  wells,  installed  a  pmnping  plant,  and  in  the  spring  of  1897 
planted  3  acres  in  rice.  Some  of  the  seed  germinated,  grew,  and 
headed  out,  but  because  of  an  accident  to  the  pumping  plant  and 
consequent  failure  to  apply  the  necessary  amount  of  water  to  the  crop 
the  grain  did  not  reach  maturity.  Yet  the  experiment,  so  far  as  it 
went,  was  successful,  for  it  demonstrated  that  the  grain,  if  properly 
irrigated,  could  be  raised  on  the  prairies  of  Arkansas. 

In  189^  Mr.  Fuller  moved  to  Louisiana  and  engaged  in  rice  culture 
on  the  prairies  of  that  State  for  four  seasons ;  he  familiarized  him- 
self in  a  practical  way  with  the  methods  employed  in  preparing  the 
soil,  planting  the  seed,  irrigating  the  growing  plants,  and  harvesting 
the  grain;  he  also  learned  how  wells  were  drilled  and  equipped  for 

1  Literature  relating  to  rice  culture  in  Arkansas,  Louisiana,  and  Texas : 

Bond,  Frank,  Irrigation  of  rice  on  the  uplands  of  Louisiana  and  Texas:  U.  8.  Dept 
Agr.  Office  Exper.  Sta.  Bull.  113,  19  pis.,  9  figs.,  pp.  1-57,  1902. 

Fuller,  M.  L.,  Rice  irrigation  In  southern  Louisiana :  U.  S.  Geol.  Survey  Water-Supply 
Paper  101,  pis.  9-ll,  figs.  13-15,  pp.  82-94'  1904. 

Knapp,  8.  A.,  Rice  culture :  U.  8.  Dept.  Agr.  Fanners'  Bull.  417,  30  pp..  1910. 

Bonsteel,  J.  A.,  The  Crowley  sUt  loam :  U.  8.  Dept  Agr.  Bur.  8OU0  Circ  54,  8  pp.,  1011 
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supplying  water  for  irrigation.  During  1903,  while  Mr.  Fuller  was 
in  Ix)uisiana,  5  acres  of  rice  were  grown  in  Lonoke  County  by  the 
Johnson  Morris  family;  no  detailed  information  has  been  obtained 
concerning  this  crop. 

In  the  fall  of  1903  Mr.  Fuller  returned  to  Arkansas,  and  with  the 
financial  backing  of  citizens  of  Carlisle  and  Hazen,  he  made  prepara- 
tions to  raise  a  crop  of  rice  on  a  commercial  scale.  A  well  was  drilled 
and  equipped  for  pumping  on  Mr.  Fuller's  farm,  and  70  acres  was 
planted  to  rice  in  the  spring  of  1904;  at  the  end  of  the  season  5,225 
bushels  were  harvested.  The  total  cost  of  producing  this  crop,  in- 
cluding the  cost  of  drilling  and  equipping  the  well,  was  $3,147,  and 
the  crop  soldtjfor  $1  a  bushel.  During  the  same  season  a  branch  sta- 
tion of  the  Arkansas  Agricultural  Experiment  Station  was  estab- 
lished li  miles  west  of  Lonoke,  where  750  bushels  of  rice  were  raised 
on  10  acres  of  land.  Rice  was  also  raised  during  the  same  season  by 
the  Morris  family,  but  no  statistics  concerning  the  crop  are  available. 

FRODVOTIOV. 

The  completely  successful  efforts  of  Mr.  Fuller  and  of  the  experi- 
ment station  to  raise  rice  demonstrated  beyond  question  that  this 
cereal  could  be  grown  at  a  profit  on  the  prairies  of  Arkansas,  and  the 
lessons  taught  by  these  demonstrations  were  quickly  learned.  The 
rapid  development  of  the  rice-growing  industry  in  Arkansas  from 
1905  to  1914,  inclusive,  is  shown  by  the  following  table  compiled  by. 
the  United  States  Department  of  Agriculture : 

Acreage  and  production  of  rice  in  Arkansas,  1905  to  191  fi,  inclusive. 


Year. 

Acre- 
age. 

Production. 

Average 
per  acre. 

Year.                ^ 

Production. 

Average 
per  acre. 

1905 

480 
4,240 

e,ooo 

11,400 
28,000 

BuMheU. 
22,366 
131,440 
222,000 
487,400 

1,120,000 

Buthels. 
48.6 
31 
37 
41 
40 

1910 

60,000 

Butthels. 

2,400,000 

2,792,000 

3,405,000 

3,769,000 

3,685,000 

Bu^Uf. 
40 

1908 

1911 

71,600 
90,800 
10J.700 
92,580 

39 

1W7 

1912 

37.6 

1908 

1913 

36 

1909 

1914. 

39  8 

In  10  years  (1904-1913,  inclusive)  the  acreagti  devoted  to  jice  cul- 
ture in  Arkansas  increased  from  80  to  104,700  and  the  production 
from  6,975  to  3,769,000  bushels.  The  rather  marked  decrease  in 
acreage  and  production  in  1914  was  due  chiefly  to  abnormally  low 
prices,  but  statistics  for  1915  compiled  by  the  Department  of  Agri- 
culture indicate  a  return  to  normal  conditions. 

The  cereal  was  grown  chiefly  on  the  prairies  of  the  Advance  low- 
land between  Crowleys  Ridge  on  the  east,  the  Ozark  province  on  the 
northwest,  and  Arkansas  River  on  the  southwest.  In  1912  the  cereal 
was  successfully  grown  in  13  coimties,  as  follows :  Arkansas,  Jefferson, 
11674**— wsp  399—16 10 
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Lonoke,  Prairie,  Monroe,  Lee,  St.  Francis,  Woodruff,  Cross,  Poinsett, 
Craighead,  Lawrence^  and  Clay.  Since  the  data  on  which  this  report 
is  based  were  collected  the  industry  has  probably  spread  to  several 
other  counties.  The  chief  productive  area  is  at  present  within  the 
first  four  counties  named,  and  the  greatest  development  has  been 
in  Grand  Prairie,  which  extends  from  the  northern  part  of  Lonoke 
County  southeastward  through  Prairie  and  Arkansas  counties,  and 
in  Prairie  Longue,  which  extends  northwest  and  southeast  through 
the  central  part  of  Lonoke  Coimty.  Another  area  in  which  the 
industry  is  rapidly  developing  extends  a  little  east  of  north  from 
the  vicinity  of  Brinkley  and  includes  part  of  Monroe,  Lee,  St.  Fran- 
cis, Woodruff,  Cross,  Poinsett,  and  Craighead  counties.  The  grain 
also  is  grown  in  several  scattered  localities  in  the  above-mentioned 
counties. 

OTTTLOOX. 

Though  the  number  of  acres  of  land  suitable  for  rice  culture  in  the 
area  under  consideration  has  not  been  accurately  estimated,  only  a 
small  part,  probably  less  than  5  per  cent,  of  the  available  land  has 
been  put  imder  cultivation.  As  water  for  irrigation  is  present  in 
great  abundance  at  relatively  shallow  depths  throughout  the  area, 
the  outlook  for  the  development  of  the  industry  to  large  proportions 
is  most  promising.  The  greater  part  of  the  potential  rice  land  is  in 
the  Advance  lowland  west  of  Crow  leys  Ridge;  inmiediately  east  of 
the  ridge,  however,  there  is  a  belt,  nowhere  more  than  5  or  6  miles 
wide,  extending  from  the  northern  boimdary  southward  as  far  as 
the  southern  part  of  Craighead  County,  in  parts  of  which  the  con- 
ditions of  soil,  topography,  and  available  water  supply  are  essen- 
tially the  same  as  in  the  area  west  of  the  ridge;  near  Nettleton, 
Craighead  County,  which  is  in  this  belt,  rice  has  already  been  suc- 
cessfully grown. 

WATEX   StrPPLT. 

Water  for  irrigating  the  rice  fields  is  obtained  chiefly  from  the 
Pleistocene  alluvial  deposits  which  imderlie  the  Advance  lowland 
to  depths  of  100  to  200  feet.  Wells  6  to  12  inches  in  diameter  arc 
sunk  to  the  coarse  sands  and  gravels  in  the  lower  part  of  the  de- 
posits, which  contain  large  quantities  of  water.  The  wells  are 
equipped  with  powerful  pumps,  centrifugal  pumps  being  generally 
used,  and  yield  from  200  to  4,000  gallons  a  minute.  The  cost  of 
drilling  and  equipping  a  well  ranges  from  $125  to  $5,000;  the  aver- 
age cost  of  sinking  the  wells  and  installing  the  pumping  machinery, 
as  estimated  from  statistics  rc^rding  102  wells,  is  $1,085  per  1,000 
gallons  of  yield  per  minute. 
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Though  wells  are  the  chief  source  of  water  for  irrigation,  lands 
near  streams  and  bayous  might  be  irrigated  with  surface  water. 
Surface  waters  have  been  utilized  only  to  a  small  extent  in  Arkansas, 
but  they  are  widely  used  in  Louisiana  and  eastern  Texas,  where  pump- 
ing plants  on  the  banks  of  the  streams  lift  the  water  to  the  canals. 
Utilization  of  ground  water  from  porous  beds  near  the  surface  has 
the  added  advantage  of  reducing  danger  of  damage  to  the  land  by 
water-logging  and  rise  of  the  alkali,  both  of  which  troubles  have 
seriously  affected  much  land  in  other  parts  of  the  United  States 
where  the  ground  water  level  is  normally  near  the  surface.  The 
application  of  water  pumped  from  beneath  the  irrigated  tract  tends 
not  only  to  lower  the  water  table  but  also  to  produce  downward  circu- 
lationthat  removes  the  alkali.  Such  circulation  is  important  in  grow- 
ing a  crop  like  rice,  for  which  the  duty  of  water  is  very  low. 

SOIL. 

The  typical  soil  of  the  prairies  of  Arkansas  is  known  as  the  Crow- 
ley silt  loam,  the  name  being  derived  from  Crowley,  La.,  where  a 
similar  soil  is  widely  developed.  Its  physical  characteristics  and 
availability  have  been  described  by  Bonsteel  *  as  follows : 

The  Crowley  silt  loam  Is  a  brown  or  ashy  gray  silt  loam  ranging  in  depth 
from  10  to  16  Inches,  underlain  by  a  gray  or  mottled  heavy  silt  loam  or  sUty  clay 
which  frequently  contains  concretions  of  iron  and  calcium  carbonate.  The  sub- 
8oU  ranges  In  color  from  gray  to  reddish  yellow,  mottled  with  red  and  brown, 
and  is  stiff  and  impervious  in  all  localities  where  it  has  been  encountered. 
*    ♦    ♦ 

Before  the  introduction  of  rice  culture  upon  this  soil  type  very  little  agri- 
cultural use  was  made  of  it.  In  Arkansas  the  prairie  grasses  were  used  for 
grazing  purposes,  and  the  better  drained  and  higher  lying  portions  of  the  type 
were  beginning  to  be  cultivated  to  cereal  grains  and  forage  crops.  These 
uses  of  the  type,  however,  are  entirely  subordinate  to  its  principal  utilization  as 
the  chief  rice-growing  soil  of  the  Western  Gulf  States.  While  small  areas  are 
aDDually  planted  to  cotton,  corn,  cowpeas,  and  even  oats  or  wheat,  the  great 
use  of  the  soil  is  for  the  production  of  the  rice  crop. 

The  Crowley  silt  loam,  owing  to  its  flat  topography,  to  its  slight  elevation 
above  the  main  drainage  channels,  and  to  the  Impervious  nature  of  both  the 
surface  soil  and  subsoil,  is  in  its  natural  condition  for  the  most  part  poorly 
drained.    ♦     ♦     ♦ 

The  Crowley  silt  loam  is  the  typical  rice  land  of  southwestern  Louisiana  and 
east-central  Arkansas.  It  is  probable  that  more  rice  Is  grown  upon  this  soil 
than  upon  all  other  rice  soils  In  the  United  States.  In  fact,  the  development  of 
this  type  for  agricultiu-al  purposes  has  been  almost  coextensive  with  the  de- 
velopment of  the  rice  Industry  in  the  Western  Gulf  States. 

Although  the  Crowley  silt  loam  is  best  adapted  to  rice  culture  in 
the  area  under  consideration,  the  cultivation  of  the  cereal  has  been 
successfully  extended  to  several  closely  related  soils  which,  as  classi- 
fied by  the  Bureau  of  Soils,  possess  the  qualities  essential  to  the 

»  Bonsteel,  J   A.,  U.  8.  Dept.  Agr.  Bur.  Soils  CIrc.  54,  pp.  3-6,  1912. 

Digitized  by  VjOOQIC 


148    GEOLOGY  AND  GROUND  WATERS,   NORTHEASTERN   ARKANSAS. 

growth  of  the  grain.    Knapp/  discussing  the  adaptability  of  soils 
to  rice  culture,  states : 

The  best  soil  for  rice  is  a  medium  loam  containing  aboat  50  per  cent  of  day. 
This  allows  the  presence  of  sufficient  humus  for  the  highest  fertility  without 
decreasing  too  much  the  compact  nature  of  the  soil.    ♦    ♦    ♦ 

The  best  rice  lands  are  underlain  by  a  semi-impervious  subsoil.  Othenvise 
the  land  can  not  be  satisfactorily  drained  at  time  of  harvest  in  order  to  permit 
the  use  of  improved  harvesting  machinery.  The  alluvial  lands  along  the 
Mississippi  in  Louisiana  are  not  underlain  by  hardpan,  and  they  can  not  he 
drained  sufficiently  to  permit  the  use  of  heavy  harvesters  and  teams  of  horses. 

Gravelly  or  sandy  soils  are  not  adapted  to  rice  cultivation  because  they  do 
not  posses  the  mechanical  conditions  for  the  retention  of  water,  and  for  other 
reasons  above  mentioned.  Ckxraslonally,  on  a  light  sandy  soil,  underlain  by  a 
stiff  subsoil,  one  or  two  fairly  good  crops  of  rice  may  be  grown,  but  this  is  the 

limit. 

DiyTY  or  WATER. 

F.  H.  King,^  professor  of  agricultural  physics  in  the  University 
of  Wisconsin,  states  that  the  usual  duty  of  water  for  rice  in  the 
United  States  is  38.6  acres  per  cubic  foot  per  second,  which  is  equiva- 
lent to  covering  the  surface  with  6^  inches  of  water  every  10  days. 
He  also  states  that  in  Italy  the  amount  of  water  applied  every  10 
days  is  5.55  inches,  while  in  Egypt  only  3.4  inches  is  provided  for  the 
same  period. 

Brown  *  estimates  that  in  Egypt  1  cubic  meter  per  second  is  suffi- 
cient for  1,440  acres  of  rice,  his  estimate  being  based  on  the  assump- 
tion, corroborated  by  extensive  observations,  that  rice  requires  twice 
as  much  water  as  most  other  crops.  This  duty  is  equivalent  to  40.75 
acres  irrigated  for  each  cubic  foot  per  second  of  water.  The  water 
is  usually  applied  after  intervals  of  9  days.  He  gives  the  customary 
duty  in  India  as  50  acres  per  cubic  foot  per  second,  the  water  being 
applied  after  intervals  of  12  days.  If  the  interval  is  11  days,  this 
duty  becomes  51  acres  per  cubic  foot  per  second. 

Buckley*  states  that  a  rice  crop  in  the  Punjab  district  of  India 
receives  96  inches  of  water  and  requires  48  to  72  inches  of  water 
during  the  growing  season ;  he  estimates  the  duty  in  Spain  as  31 
acres  per  cubic  foot  per  second. 

Other  estimates  of  the  duty  of  water  in  rice  culture  are  50  to  60 
acres  per  cubic  foot  per  second  in  Egypt ;  *  40  acres  per  cubic  foot 
per  second  in  Italy ;  *  and  43.75  acres  per  cubic  foot  per  second  in  the 
Cavour  Canal  district  of  Italy.^ 

»  Knapp,  S.  A.,  Rice  culture :  F.  S.  Dept.  Agr.  FarmerB*  Bull.  417,  pp.  8,  9.  1910. 
«  King,  F.  H.,  Irrigation  and  drainage,  pp.  231-233,  New  York,  1908. 
'Brown,  Hanbury,  Irrigation,  Its  principles  and  practices  as  a  branch  of  engineerini, 
pp.  37,  38,  London,  1907. 

*  Buckley,  R.  B.,  Facts,  figures,  and  formula*  for  Irrigation  engineers,  pp.  126,  133,  New 
York,  1908. 

» Idem.  p.  133. 

•  Estimate  by  Col.  Balrd  Smith,  quoted  by  Buckley.  Idem.  p.  137, 

T  Estimate  by  Sir  S.  C.  Moncrleff,  quoted  by  Buckley,  idem,  p.  136. 
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Reports  collected  by  Collier  ^  from  members  of  the  Arkansas  Rice 
Growers'  Association  indicate  that  57  per  cent  of  the  growers  com- 
mence applying  water  four  or  five  weeks  and  43  per  cent  two  or  three 
weeks  after  sowing.  Sixty  per  cent  keep  the  water  on  the  field  3 
inches  or  less  deep ;  28  per  cent  3  to  5  inches  deep ;  and  12  per  cent 
5  or  more  inches  deep.  Somewhat  more  than  half  the  growers 
reported  that  they  prefer  water  pumped  from  wells  to  surface  water, 
but  the  rest  expressed  no  preference.  More  than  nine-tenths  stated 
that  cold  water  direct  from  wells  harms  the  growing  plants. 

COUNTY  DESCRIPTIONS.^ 

ABKANSAS  COITNTY. 
PHYSIOGRAPHY. 

Arkansas  County  is  in  the  east-central  part  of  the  State  between 
Arkansas  and  White  rivers.  Its  area  is  1,000  square  miles  and  its 
population  was  reported  by  the  census  of  1910  as  16,103.  Stock 
raising  and  agriculture,  which  includes  trucking,  cotton  raising,  the 
cutting  of  prairie  hay,  the  raising  of  rice,  corn,  and  other  cereals,  are 
the  principal  industries. 

The  general  surface  is  a  slightly  undulating  plain  sloping  from 
an  elevation  of  about  215  feet  above  sea  level  in  the  northern  part 
to  150  feet  in  the  southern  part  of  the  county,  and  comprising  the 
prairies,  which  include  much  of  the  interstream  areas,  the  timbered 
lands,  which  include  the  remainder  of  the  interstream  areas,  and  the 
flood  plains  bordering  the  streams.  The  prairies  are  open,  grassy 
tracts  forming  part  of  Grand  Prairie  (p.  27) ;  they  cover  the  north- 
em  part  of  the  county  and  form  interstream  areas,  a  few  miles  to  10 
miles  wide,  extending  southward,  the  southern  limit  being  5  or  6 
miles  south  of  Gillett.  In  the  east  the  prairies  closely  border  White 
River,  which  has  cut  into  the  edge  of  them  in  places.  The  general 
level  of  the  prairies  is  45  or  50  feet  above  the  low-water  level  of 
Arkansas  and  White  rivers. 

The  gently  undulating  interstream  timbered  lands  border  the 
shallow  valleys  and  intertongue  irregularly  with  the  prairie  lands 
The  flood  plains  lie  a  few  feet  to  30  feet  below  the  level  of  the  prairies 
and  form  poorly  drained  wooded  or  cultivated  tracts  10  to  12  miles 
in  maximum  width.  The  broadest  flood  plains  are  in  the  west,  bor- 
dering Arkansas  River  and  Bayou  Meto,  and  in  the  south  where  the 
bottom  lands  of  Arkansas  and  White  rivers  merge  into  Mississippi 
River  bottom. 

*  Collier,  J.  S.,  Report  of  InyestigationB  conceming  rice,  Arkansas  Rice  Growers'  Assoc., 
1910. 

*  This  report  was  transmitted  for  publication  In  June,  1913,  and  the  development  of  the 
water  resources  of  northeastern  Arkansas  as  herein  indicated  Is  based  on  data  collected 
prior  to  that  date. 
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Arkansas  River  and  its  tributary  Bayou  Meto  form  the  south- 
western boundary  of  the  county  and  White  River  the  eastern  bound- 
ary. The  principal  streams  within  the  county  are  Mill  Creek,  a 
tributary  of  Bayou  Meto,  and  Lagrue  River,  a  tributary  of  White 
River. 

GEOLOGY. 

The  surface  is  underlain  by  Pleistocene  alluvium  consisting  of 
clays,  sands,  and  gravels  ranging  in  thickness  from  100  to  180  feet  or 
more.  The  materials  are  irregularly  bedded,  but  in  general  grade 
downward  from  fine,  compact,  gray  or  reddish  clays  through  fine 
sands  to  coarse,  water-bearing  sands  and  gravels  at  the  base.  The 
coarse  basal  materials  carry  water  in  practically  inexhaustible  quanti- 
ties. The  surface  distribution  of  the  Pleistocene  alluvium  is  coex- 
tensive with  the  distribution  of  the  interstream  lands  of  the  county. 

The  streams  have  meandered  and  eroded  away  the  Pleistocene  allu- 
vium to  undetermined  depths,  and  the  valleys  thus  formed  have  been 
partly  refilled  with  Recent  alluvium,  which  constitutes  the  material 
of  the  present  flood  plains. 

The  Pleistocene  alluvium  rests  unconformably  on  a  buried  surface 
of  undifferentiated  Tertiary  strata  which  are  believed  to  consist  of 
sands,  clays,  and  marls  and  to  contain  important  water-bearing  beds, 
though  no  logs  have  been  preserved  of  the  few  wells  that  have  been 
drilled  deep  enough  to  enter  the  Tertiary  strata.  (See  well  No.  31, 
p.  157.) 

WATER  RESOURCES. 
GENERAL  COVDITIONS. 

Domestic  suppli^s.-r-Water  for  household  use  is  obtained  chiefly 
from  wells  30  to  150  feet  deep  drawing  from  the  water-bearing  sands 
and  gravels  of  the  Pleistocene  and  Recent  alluvial  deposits.  The 
waters,  as  reported  by  the  well  owners,  differ  in  quality,  some  being 
soft,  some  hard,  some  ferruginous,  and  a  few  saline,  but  with  rare  ex- 
ceptions they  are  suitable  for  domestic  and  industrial  use.  No  flow- 
ing w  ells  have  been  reported,  the  static  head  ranging  from  12  to  65 
feet  below  the  surface.  The  Pleistocene  and  Recent  alluvial  deposits 
which  extend  from  the  surface  to  depths  of  160  to  180  feet  contain 
large  quantities  of  water  suitable  for  general  use,  and  the  water-bear- 
ing beds  of  the  Tertiary  deposits  which  underlie  the  Pleistocene  prob- 
ably contain  water  in  great  abundance. 

Irrigation, — Water  for  irrigating  the  extensive  rice  lands  is  ob- 
tained chiefly  from  wells  70  to  232  feet  deep.  The  average  depth  of 
such  wells — about  136  feet — is  greater  than  that  of  domestic  wells, 
most  of  them  reaching  the  coarser  sands  and  gravels  forming  the 
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basal  beds  of  the  Pleistocene  alluvium.  The  irrigation  wells  are 
equipped  to  yield  by  pumping  600  to  2^00  gallons  a  minute.  Detailed 
information  has  been  recorded  concerning  33  wells  used  in  irrigation 
of  rice  lands  (see  table  on  pp.  154-159),  but  probably  more  than  250 
wells  are  in  use.  The  cost  of  drilling  and  equipping  the  wells  for 
pumping,  according  to  reports  on  29  wells,  ranges  from  $650  to 
$8,000,  the  average  cost  of  drilling  and  equipping  the  wells  being,  in 
round  numbers,  $1,500  for  each  1,000  gallons  a  minute  of  water. 

LOOAL  8UPPIJS8. 

Stuttgart. — The  municipal  waterworks  of  Stuttgart  (population 
2,740,  census  of  1910)  is  owned  by  the  Stuttgart  Water  &  Electric 
Light  Co.,  and  water  is  obtained  from  three  wells,  two  of  which 
are  110  and  131.75  feet  deep  (Nos.  29  and  30,  pp.  156,  157).  The 
water  is  soft  and  is  forced  from  the  wells  by  an  air  compressor  having 
a  capacity  of  400  gallons  a  minute;  it  is  stored  in  a  35,000-gallon 
reservoir  and  is  distributed  through  7  miles  of  mains.  The  ordinary 
direct  pressure  is  40  pounds  per  square  inch,  but  it  can  be  increased  to 
110  pounds  per  square  inch  for  fire  protection.  The  daily  consump- 
tion is  180,000  gallons  for  general  use  and  700,000  gallons  for  manu- 
facturing. 

The  following  is  a  log  of  the  131.75-foot  well  drilled  in  1909 : 

Log  of  well  owned  hy  the  Stuttgart  Water  d  Electric  Light  Co,,  Stuttgart, 


Thick- 
ness. 


Depth. 


Soil  and  Plefetooene  aUurlom: 

8oa  and  subsoil 

Sand,  clay,  and  gravel 

Orayel.  waterbearing 


Feet. 
12 
80 
30.75 


FeeL 

12 

02 
131.75 


The  material  from  a  depth  of  100  feet  in  a  well  owned  by  G.  H. 
Kline,  near  Stuttgart,  consists  of  very  coarse  pebbly  sand  with 
numerous  angular  fragments  of  gray  and  brown  flint,  and  Gunter 
Bros.,  who  furnished  the  sample,  state  that  this  is  the  kind  of 
material  from  which  water  is  obtained  in  the  vicinity  of  Stuttgart. 
The  material  from  a  depth  of  95  feet  in  a  well  owned  by  Ed  Beity, 
8  miles  northeast  of  Stuttgart,  consists  of  chunks  of  drab,  yellow, 
pink,  and  red  clay,  in  part  finely  arenaceous,  and  one  sandstone  con- 
cretion. Gunter  Bros.,  who  furnished  this  sample  also,  state  that 
similar  clay  generally  lies  between  the  surface  and  the  water-bearing 
sand  and  gravel  in  the  region  of  Stuttgiwt.  Information  is  meager 
regarding  the  oil-prospecting  well  drilled  2  miles  southwest  of  Stutt- 
gart (No.  31,  pp.  156,  157),  but  the  following  partial  log  of  it  has 
been  prepared  from  well  borings  furnished  by  Mr.  E.  J.  Balle,  of 
Stuttgart. 
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Incomplete  log  of  an  oil-prospecting  well  near  Stuttgart. 


Thick- 


Depth. 


Not  represented  by  samples 

Pine,  dark-gray,  micaoeous,  elauoonltJc  sand 

Fine,  gray,  micaceous,  slightly  acgillaceous  sand. 
Not  represented  by  samples 


Fleet. 

960 

118 

10 

122 


FeeL 
960 
1,06B 
1,078 

i.aoo 


The  materials  described  are  probably  of  Eocene  or  Upper  Creta- 
ceous age.  Mr.  G.  W.  Fagan,  of  Stuttgart,  states  that  according  to 
the  driller,  Mr.  Schauman,  the  well  was  drilled  to  a  depth  of  1,200 
feet,  where  hard  rock  was  struck;  water-bearing  beds  were  encoun- 
tered at  several  levels — one  at  800  feet.  The  waters  were  cased  off 
without  testing  their  quantity  or  character. 

Irrigation  wells. — ^Wells  for  irrigating  rice  lands  have  been  drilled 
in  the  vicinity  of  Stuttgart,  Almyra,  Dewitt,  Gillett,  Booty,  Arkan- 
sas Post,  Bayou  Meto,  Tichnor,  St.  Charles,  Crocketts  Bluff,  and 
Humphrey.    Logs  of  the  following  have  been  obtained : 

Log  of  well  of  C.  E.  Edmund,  6  mUes  southe^ist  of  Stuttgart. 
[No.  36,  p.  168.] 


Thick- 


Soil  and  Pleistocene  alluvium: 
Sou. 


Red  clay 

Fine  sand 

Coarse  sand,  water  bearing. 
Gravel,  water  bearing 


Log  of  weU  of  Caspar  G.  Scheiderer,  1\  mile^  southwest  of  Vim    {Prairie 
County),  in  Arkansas  County, 

[No.  42,  p.  168.1 


Thidk- 


Depth. 


Pleistocene  alluvium: 

Tough  red  clay 

Quicksand 

Touffh  chocolate-colored  clay 
Sana,  water  bearing 


FteL 

60 

6 

14 

30 


Fttt. 


m 
uo 
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158 


Thlck- 


Deptb. 


8o&  and  Fleistooene  ailaTimn: 

Sofl 

Reddav 

Fine  red  sand 

BedcUy 

Sand,  water  bearing 

OFRvely  water  bearing 


Feet, 

FeO. 

3.5 

8.6 

16 

1A.6 

80 

49.6 

40 

89.6 

26 

114.6 

35.6 

160 

Log  of  tceU  of  J,  M,  Satchfield,  4  miles  south  of  Tichnor. 
[No.  36,  p.  168.] 


Thick- 


Depth. 


Fleistooene  alluvium: 

Hard  day 

Sand,  water 
Gravel,  water 


FeeU 
60 
107 
147 


Log  of  toell  of  W.  N.  Carpenter,  one-quarter  mile  toest  of  Booty. 
[No.  13,  p.  164.] 


Thick- 
ness. 


Depth. 


Pleistooeae  alluvium: 

Clay 

Sand 

Gravely  water  bearing 


Feet. 
60 
10 


Feet. 
60 
70 
163 
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CliAY  COUNTY. 
PHYSIOGRAPHY. 

Clay  County,  in  the  extreme  northeastern  part  of  the  State,  com- 
prises an  area  of  654  square  miles.  The  census  of  1910  reported  its 
population  as  23,690.  Agriculture,  including  trucking,  the  raising 
of  cotton  and  of  cereals,  and  horticulture,  including  the  growing  of 
the  common  fruits,  are  the  principal  industries. 

Except  for  a  few  square  miles  of  the  Ozark  province  included  in 
its  extreme  northwestern  section,  the  county  comprises  parts  of  the 
three  topographic  divisions — Crowleys  Ridge,  the  Advance  lowland, 
and  the  Mississippi  lowland — into  which  the  Mississippi  embayment 
of  the  Gulf  Coastal  Plain  is  separable. 

Crowleys  Ridge  is  a  broken,  hilly  area,  5  to  10  miles  wide,  extend- 
ing from  the  northeastern  comer  of  the  county  southwestward  to  and 
beyond  the  county  line.  Its  maximum  elevation  is  about  550  feet 
above  sea  level,  or  250  feet  above  the  level  of  the  Advance  lowland 
to  the  west  The  highest  part  of  the  ridge  lies  somewhat  west  of  the 
center,  the  drainage  being  chiefly  to  the  east  into  St  Francis  River; 
along  the  divide  and  west  of  the  divide  the  surface  is  characterized 
by  narrow  ridges  and  steep  slopes,  many  of  which  are  wooded ;  west 
of  the  diWde  the  drainage  is  into  Cache  River.  To  the  east  the  hills 
are  lower,  their  tops  are  broaden  and  their  slopes  more  rounded,  so 
that  more  extensive  cultivation  is  possible  here  than  in  the  more 
rugged  area  to  the  west 

The  Advance  lowland,  which  includes  practically  all  the  county 
west  of  Crowleys  Ridge,  is  a  nearly  level  plain  275  to  300  feet  above 
sea  level.  Current  River,  in  the  northwest,  which  flows  southward, 
Black  River,  which  flows  southwestward  through  the  central  part 
of  the  lowland,  and  Cache  River  which  flows  southwestward  near  the 
foot  of  Crowleys  Ridge,  traverse  shallow,  swampy,  and  wooded 
valleys  several  miles  in  width,  lying  only  a  few  feet  below  the  level 
of  the  plain.  The  interstream  areas  are  characterized  by  low,  paral- 
lel sand  ridges  and  ancient  abandoned  stream  channels. 

That  part  of  the  county  lying  east  of  Crowleys  Ridge  is  included 
in  the  Mississippi  lowland  and  lies  275  to  300  feet  above  sea  level. 
St  Francis  River,  which  forms  the  eastern  boundary,  flows  through  a 
broad,  shallow,  partly  wooded,  and  swampy  valley  known  as  the 
"  sunk  lands,'^  lyiug  only  a  few  feet  below  the  general  level  of  the 
Mississippi  lowland.  The  lowland  plain  slopes  gradually  upward 
from  the  river  to  the  foot  of  Crowleys  Ridge,  a  strip  several  miles 

ide  just  east  of  and  bonlering  the  ridge  being  a  few  feet  higher 

id  therefore  better  drained  than  the  lowland  to  the  east 
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Paleozoic  rocks  of  pre-Carboniferous  age  outcrop  in  an  area  a  few 
miles  square  in  the  extreme  northwestern  section  and  lie  buried  be- 
neath deposits  of  the  Coastal  Plain  throughout  the  remainder  of  the 
county ;  their  upper  eroded  surface  inclines  eastward,  probably  reach- 
ing a  maximum  depth  of  l/XX)  feet  or  more  in  the  extreme  east. 

Sands  and  clays  of  Eocene  age  belonging  to  the  Wilcox  formation 
form  the  body  of  Crowleys  Ridge  and  outcrop  in  places  on  the  sides 
and  slopes  of  the  hills.  The  sands  are  locally  indurated  to  sand- 
stones and  quartzites;  fossil  leaves  of  Wilcox  age  have  been  found  in 
a  soft  sandstone  3  or  4  miles  southwest  of  Boydsville.  (See  p.  58.) 
The  beds  are  lignitic  in  places,  and  southwest  of  Boydsville  lignite 
is  exposed  near  the  base  of  the  west  slope  of  the  ridge.  In  a  well 
dug  near  the  same  place  lignitic  beds  were  encountered  to  a  depth 
of  40  feet  below  the  level  of  the  plain  to  the  west.  It  is  reasonably 
certain  that  strata  of  Eocene  age  underlie  the  remainder  of  the 
county  beneath  the  Pleistocene  and  Recent  alluvium,  and  that  at  an 
unknown  depth  the  Eocene  is  underlain  by  strata  of  Cretaceous  age. 
The  deposits  of  the  Coastal  Plain  rest  on  a  basement  of  Paleozoic 
rocks. 

The  Eocene  strata  in  Crowleys  Ridge  are  unconformably  overlain 
by  a  few  feet  to  30  feet  or  more  of  sands  and  gravels  of  late  Plio- 
cene (?)  age  belonging  to  the  Lafayette  formation.  The  gravels 
consist  chiefly  of  partly  roimded  chert  pebbles  and  cobbles,  with 
subordinate  amounts  of  smoothly  rounded  quartz  pebbles,  locally 
cemented  by  iron  oxide  to  form  hard  conglomerates. 

The  light  yellow  or  brown  to  dark-red  noncalcareous  loess  and 
loesslike  clay  of  Pleistocene  age  that  overlie  the  gravels  and  cap 
the  ridge  have  in  places  been  eroded  entirely  away  from  above  the 
gravels.  Both  the  loess  and  the  gravels  have  been  in  part  reworked 
and  redeposited  on  the  sides  of  the  hills  or  have  found  their  way 
down  the  slopes  by  creep. 

The  Advance  lowland  west  of  Crowleys  Ridge  is  underlain  to  a 
depth  of  150  or  200  feet  by  alluvial  sands,  clays,  and  gravels,  chiefly 
of  Pleistocene  age  but  in  part  of  Recent  age.  In  general  the  coarser 
sands  and  gravels  occur  toward  the  basal  portion  and  carry  large 
quantities  of  water.  The  alluvium  is  believed  to  rest  on  a  buried 
eroded  surface  of  Tertiary  strata. 

The  Mississippi  lowland  east  of  Crowleys  Ridge  is  underlain  to  a 
depth  of  150  feet  or  more  by  alluvial  sands,  clays,  and  gravels,  prob- 
ably for  the  most  part  of  Recent  age,  but  perhaps  in  part  of  Pleisto- 
cene age,  which  also  carry  large  quantities  of  water. 
11674'*~W8P  399—16 11 
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WATER  RESOURCES. 
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eZVXBAL  00HDITI0V8. 

An  abundant  supply  of  water  for  domestic  and  industrial  use  is 
obtained  throughout  the  county  from  wells  ranging  in  depth  from 
10  to  200  feet.  In  the  lowlands  the  water  is  derived  principally  from 
the  sands  and  gravels  of  the  Pleistocene  and  Recent  alluvium;  in 
Crowleys  Eidge  the  wells  tap  the  water-bearing  sands  of  the  under- 
lying Tertiary  deposits.  According  to  the  reports  of  well  owners, 
the  quality  of  the  well  waters  varies  considerably  from  place  to 
place,  some  being  hard,  some  soft,  and  some  ferruginous. 

Small  springs  are  numerous  in  Crowleys  Bidge,  and  some  of  them 
are  utilized  for  domestic  supplies.  They  emerge  from  the  gravel 
beds  of  the  Lafayette  formation  or  from  the  underlying  Tertiary 
sands,  and  many  of  them  yield  waters  made  turbid  or  milky  by  fine 
suspended  particles  of  clay. 

In  the  eastern  half  of  the  county  artesian  water  could  probably  be 
obtained  from  the  deeply  buried  Tertiary  and  Cretaceous  deposits 
at  an  estimated  maximum  depth  of  1,000  feet.  Wells  sunk  in  the 
Mississippi  lowlands  east  of  Crowleys  Ridge  will  probably  yield 
flowing  water.  local  svFPLiEa 

Source. — None  of  the  towns  and  villages  of  the  coimty  has  a  water- 
supply  system,  although  three  of  them,  according  to  the  census  of 
1910,  have  populations  exceeding  1,000,  as  follows:  Rector,  1,859; 
Coming,  1,439;  and  Piggott,  1,160.  Water  for  domestic  and  indus- 
trial use  is  obtained  chiefly  from  wells.     (See  table  on  p.  164.) 

The  strata  penetrated  by  several  wells  are  indicated  as  follows: 

Log9  of  several  wells  fumUhing  local  tcater  supply, 
St.  Loak.  Iran  Movntafai  Jk  SovtlMni  Ry.  €•.,  KnoM. 

[Authority.  C.  H.  Winters,  driller,  Harrtsburg,  Ark.] 


Soil  and  Plelstooona  aUoThun: 

Clay 

Sand  and  clay 

Fine  yellow  sand,  water  bearing 

Coarse  sand  and  gravel,  water  bearing  (see  analysis  No.  9  on  p.  303) 

Caraway  Jk  Freidcatars.  Flnott  (No.  «,  p.  IM). 

Boll  and  Pleistocene  aUuviom: 

Alluvial  son 

Blue  clay ;  well  stopped  on  water-bearing  gravel 

Patter  Jk  Co.,  Pin«tt  (So.  7.  9.  IM). 

PMstoone  aUnvium: 

Irregularly  bedded  sands  and  clays 

Tough  blue  material  with  a  mixture  of  shells  and  fossil  wood,  becoming  a  ptaikish 

color  toward  base ;  water  bearing 

G  ravel ,  water  bearing 


ThJdE. 


Fett. 

8 
12 
12 
18 


Depth. 


Fmc. 
S 

30 
33 


30 
44 


30 


65 
3.5 


><3 


Digitized  by  Google  I 


CLAY   COUNTY. 


163 


WeU  at  CampheU^  Mo, — The  following  record  of  a  well  at  Camp- 
bell, Dunklin  County,  Mo.,  quoted  from  a  report  by  Shepard,^  is  of 
interest  in  connection  with  the  deep-seated  waters  of  Clay  County : 

At  Campbell,  Dunklin  County,  a  well  is  located  on  the  land  of  the  Campbell 
Lumber  Co.  Depth,  960  feet;  elevation  above  tide,  about  310  feet;  casing. 
4-lnch,  to  910  feet ;  temperature  of  water,  72"*  F. ;  flow,  16  gallons  per  minute ; 
date  of  completion,  September,  1902;  drillers,  Johnson  h  Fleming,  Memphis, 
Teon.;  cost,  $3,000.  The  principal  source  of  water  was  found  at  490  feet  in 
sand,  and  another  water-bearing  horizon  was  found  at  145  feet.  The  water 
is  somewhat  soft,  though  rather  saline,  and  contains  sulphureted  hydrogen. 
The  following  log  of  this  well  was  furnished  by  Mr.  William  B.  Johnson,  of 
Memphis,  Tenn. : 

Log  of  well  of  Campbell  Ldimher  Co,,  Campbell,  Dunklin  County,  Mo. 


Thlck- 


DepUu 


LoMB  T  (113  fo6t): 

YeUotr  olay,  a  little  darker  than  Uiat  onCrowleys  Ridge 

Ufi»ette(43feet): 

Orange  sand  and  navel;  the  sand  has  many  white  loamy  olay  nodules  mixed  in  it . . . 
Lagrange  formation  (785  feet): 

Very  bard  black  and  brown  clay  or  marl,  with  numeroos  very  hard  strata  from  1  to 
23  inohee  thick,  composed  largely  of  iron  pyrites.  At  8ome_point  between  700  and 
730  feet  a  bed  of  lora  10  or  12  feet  thick  was  penetrated.  This  olay  differed  from 
any  other  bed  stmok  in  the  bottoms  in  containing  no  sand  strata,  and  not  even  a 

trace  of  the  "gray  sand  "foand  in  other  wells  was  noted 

Biptoy  sands  (20  feet): 

Very  fine  black  sand,  with  a  large  percentage  of  mica  in  small  grains.  Water  headed 
about  7  feet  above  surface  and  flowed  16  gallons  per  minute;  had  brackish  taste... . 


Feet, 
112 


43 


785 
20 


Feet. 
112 

155 


940 
900 


The  water  from  this  well  is  used  for  boiler  and  drinking  purposes.  It  is 
probable  that  the  bottom  of  the  well  is  not  far  from  bedrock. 

The  yellow  clay  correlated  by  the  author  questionably  with  the 
loess,  and  the  sand  and  gravel  correlated  with  the  Lafayette,  are 
probably  Pleistocene  alluvial  deposits.  The  correlations  indicated 
for  the  remainder  of  the  section  are  not  based  on  paleontologic 
evidence  and  can  scarcely  be  considered  conclusive.  The  section  is 
important  chiefly  as  showing  the  great  thickness  of  clay  at  this  place 
(785  feet)  and  the  presence  of  a  water-bearing  sand  beneath  the  clay. 

WeU  water  for  irrigation. — A  well  5  miles  east  of  Knobel  (No.  3, 
p.  164)  is  used  for  irrigating  52  acres  of  rice  land.  This  well  pene- 
trated the  material  shown  by  the  following  log: 

Log  of  well  of  the  Knobel  Rice  Co,,  5  miles  cast  of  Knobel, 


Thick- 
ness. 


Depth. 


Pteistoottie  aDuviom: 

Clay .  commonly  called  hardpan , 

Sand  becoming  coaner  toward  base;  water  bearing  throughout. 


Feet. 
28 
150 


Feet. 
28 

178 


^  Shepard,  Edward  M.,  Underground  waters  of  Missouri :  U.  8.  Qeol.  Surrey  Water- 
Supply  Paper  106,  pp.  174,  175,  1007. 
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166     GEOLOGY  AND  GROUND  WATERS,  NORTHEASTERN  ARKANSAS. 
CBAIOHEAD  COUNTY. 
PHT8I0GRAPHY. 

Craighead  County  comprises  an  area  of  687  square  miles.  At  the 
time  of  the  census  of  1910  its  population  was  27,627.  Lumbering  and 
agriculture,  including  the  raising  of  cotton,  cereals,  vegetables,  and 
hay  are  the  chief  industries.  Fruits,  such  as  peaches,  apples,  and 
pears  are  also  grown.  Jonesboro,  the  county  seat,  is  a  shipping  point 
for  hardwood  timber. 

The  county  includes  parts  of  the  three  main  topographic  divi- 
sions— Crowleys  Bidge,  the  Advance  lowland,  and  the  Mississippi 
lowland — ^into  which  the  Mississippi  embayment  is  divisible. 

Crowleys  Ridge,  a  belt  of  hilly,  partly  wooded  country,  extends 
north  and  south  through  the  coimty  a  little  west  of  the  center,  rising 
to  a  maximum  elevation  of  475  or  500  feet  above  sea  level,  or  200  to  250 
feet  above  the  level  of  the  lowlands  to  the  east  and  west.  From  the 
northern  boundary  southward  the  ridge  is  10  to  12  miles  wide  to 
a  point  3  or  4  miles  south  of  Jonesboro,  where  it  narrows  abruptly  to 
a  width  ranging  from  one-half  mile  to  4  miles.  A  deep  gap  in  the 
ridge  in  the  vicinity  of  Dee  is  traversed  by  the  Helena  branch  of  the 
St.  Louis,  Iron  Mountain  &  Southern  Eailway.  The  ridge  has  been 
strongly  dissected,  chiefly  by  the  headwater  streams  of  Bayou  De 
Vue,  a  tributary  of  Cache  Eiver.  A  few  small  streams  flow  eastward 
into  the  Hatchie  Coon  Sunk  Lands.  The  larger  streams  flow  through 
rather  broad  valleys  with  smoothly  rounded  slopes,  and  many  of  the 
smaller  headwater  streams  occupy  deep,  steep-sided  ravines,  produc- 
ing a  rugged  topography  along  the  main  divides. 

The  Advance  lowland,  a  plain  lying  250  to  260  feet  above  sea  level 
and  inclining  slightly  to  the  southward,  includes  all  the  coimty  west 
of  Crowleys  Eidge;  this  lowland  is  characterized  bynrregularly  dis- 
tributed' patches  of  grass-covered,  gently  undulating  prairie  land 
and  tracts  of  wooded  land.  The  valley  of  Cache  Eiver,  which  crosses 
the  western  part  of  the  county  from  northeast  to  southwest,  is  8  to  10 
feet  lower  than  the  general  level  and  is  1  to  4  miles  wide.  The  val- 
ley of  Bayou  De  Vue,  which  heads  in  Crowleys  Eidge  north  of  Jones- 
boro and  flows  across  the  plain  from  northeast  to  southwest,  west  of 
the  St.  Ix)uis  Southwestern  Eailway,  is  also  broad  and  very  shallow. 

All  the  county  east  of  Crowleys  Eidge  is  included  in  tie  Missis- 
sippi lowland  which  is  divisible  into  the  post-oak  flats,  a  narrow 
strip  of  slightly  undulating  land  bordering  Crowleys  Eidge  and 
lying  255  to  260  feet  above  sea  level,  and  the  "  sunk  lands,''  which  lie 
10  to  15  feet  lower  and  embrace  the  remainder  of  the  county  to  the 
east.  The  "  simk  lands "  are  gently  undulating,  the  partly  wooded, 
swampy  depressions  being  separated  by  low  ridges  of  dark  sandy 
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loam  dotted  with  tiie  so-called  sand  blows  of  the  regioa.  The  sand 
blows  are  low  circular  or  irregular  patches  of  clean  white  sand, 
supposed  to  have  heem  discharged  from  undergroimd  sources  through 
crevices  during  the  time  of  the  New  Madrid  earthquake  shocks 
(1811-12) .    The  ridges  have  been  partly  cleared  and  cultivated. 

GEOLOGY. 

Irregularly  bedded  sands  and  clays  belonging  to  the  Wilcox  for- 
mation of  the  Eocene  make  up  the  body  of  Crowleys  Ridge  to  a 
maximum  height  of  100  feet  or  more  above  the  level  of  the  lowlands 
to  the  east  and  west.  Along  the  western  border  of  the  ridge  the 
sands  have  been  locally  indurated  to  hard  quartzites.  In  Crowleys 
Ridge  the  Eocene  deposits  extend  to  an  unknown  depth,  and  are 
believed  to  underlie  the  alluvial  deposits  both  to  the  east  and  west 
of  the  ridge,  where  they  would  be  encoimtered  at  depths  of  130  to 
150  feet ;  they  ccmtain  important  water-bearing  beds. 

From  general  considerations  it  is  believed  that  the  Eocene  de- 
posits are  underlain  by  sands  and  clays  of  Cretaceous  age,  though 
no  data  for  definitely  differentiating  the  deeply  buried  deposits  of 
these  ages  have  been  obtained  within  the  county. 

The  Wilcox  formation  of  Crowleys  Ridge  is  imconformably  over- 
lain by  irregularly  bedded  gravels  and  reddish  sands  reaching  a  maxi- 
mum thickness  of  50  feet  or  more;  these  materials  cap  the  tops  of 
tiie  hills  and  mantle  their  slopes,  almost  completely  covering  the 
Wilcox  strata;  they  are  in  part  water  bearing.  These  gravels  and 
sands  belong  to  the  Lafayette  formation  and  are  of  late  Pliocene  or 
early  Pleistocene  age.  The  Lafayette  formation  is  overlain  by  mate- 
rial ranging  in  composition  from  typical  loess  to  reddish  loesslike 
clays  and  in  thickness  from  a  few  feet  to  40  feet ;  the  loess  is  of  Pleis- 
tocene age. 

The  advance  lowland  west  of  Crowleys  Ridge  is  underlain  by  130 
to  150  feet  of  alluvial  sands,  clays,  and  gravels  of  Pleistocene  age, 
which  rest  upon  Tertiary  strata ;  the  sands  and  gravels  contain  water 
in  large  quantities.  The  flood  plains  of  Cache  River  and  Bayou  De 
Vue  are  underlain  by  Recent  alluvial  sands  and  clays  of  imdetermined 
thickness  which  rest  upon  the  Pleistocene  alluvium.  The  Mississippi 
lowland  east  of  Crowleys  Ridge  is  imderlain  to  an  estimated  depth 
of  130  to  200  feet  by  undifferentiated  alluvial  sands,  clays,  and  gravels 
of  Pleistocene  and  Recent  age,  which  rest  on  Eocene  strata  and  are 
abundantly  water  bearing. 
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WATEH  BESOURGES. 

OSHXRAL  ooHDinova 

Domestic  supplies. — ^Water  for  domestic  and  industrial  use  is  ob- 
tained chiefly  from  wells  10  to  200  feet  deep  and  from  springs.  In 
the  lowlands  east  and  west  of  Crowleys  Ridge  the  waters  are  derived 
chiefly  from  the  Pleistocene  and  Eecent  alluvial  sands  and  gravels  and 
stand  in  the  wells  10  to  35  feet  below  the  surface-  In  Crowleys  Ridge 
tiie  wells  tap  the  water-bearing  sands  and  gravels  of  the  Lafayette 
formation  and  the  water-bearing  sands  of  the  imderlying  Wilcox 
formation ;  the  waters  from  the  Wilcox  formation  rise  within  25  to 
100  feet  of  the  surface.  Most  of  the  well  waters  are  soft,  though  a 
few  are  reported  to  be  moderately  hard.  Wells  exceeding  200  feet  in 
depth  have  been  drilled  at  Jonesboro  and  at  Lake  City  (Nos.  10, 11. 
and  15,  p.  172).  Small  springs  are  numerous  in  Crowleys  Ridge  and 
afford  clear,  soft,  or  only  moderately  hard  waters;  some  are  sul- 
phurous or  ferruginous. 

In  the  lowlands  west  and  east  of  Crowleys  Ridge  water  in  abun- 
dance is  contained  in  tiie  sands  and  gravels  of  tiie  Pleistocene  and 
Recent  alluvial  deposits  at  depths  of  30  to  150  feet  In  Crowleys 
Ridge  moderate  or  large  quantities  of  artesian  water  can  be  obtained 
from  the  Eocene  deposits  and  from  the  deeply  buried  Cretaceous 
deposits  by  wells  70  to  1,500  feet  or  more  in  depth.  In  the  lowlands 
artesian  waters  can  be  obtained  from  the  same  deposits  by  drilling 
through  the  overlying  Recent  or  Pleistocene  alluvium. 

None  of  the  wells  in  this  county  yield  flowing  water,  but  the  fact 
that  flows  have  been  obtained  in  Mississippi  Coimty  at  Blythesrille 
(depth,  1,448  feet),  at  Burdette  (depth,  1,495.5  feet),  and  at  Wilson 
(depth,  1,568  feet),  and  in  Poinsett  County  at  Marked  Tree  (depth. 
2,007  feet)  justifies  the  prediction  that  flows  are  obtainable  in  Craig- 
head County  in  the  Mississippi  lowlands  east  of  Crowleys  Ridge. 

Irrigation. — ^The  rice-growing  industry  has  been  introduced  in 
the  county  in  recent  years  and  on. the  Advance  lowland  west  of 
Crowleys  Ridge  is  rapidly  becoming  important.  Rice  has  also  been 
grown  east  of  Crowleys  Ridge  near  Nettleton.  Water  for  irrigating 
the  rice  fields  is  obtained  chiefly  from  weUs  75  to  150  feet  deep,  the 
source  being  the  Pleistocene  alluvial  sands  and  gravels  underlying 
the  lowlands.  Heavy  machinery  is  used  for  pumping  the  wells,  the 
yield  ranging  from  400  to  1,600  gallons  per  minute.  The  welk  are 
drilled  and  equipped  at  costs  ranging  from  $1,000  to  $1,500,  the  aver- 
age cost  based  on  six  wells  being  in  round  numbers  $1,400  for  each 
1,000  gallons  of  yield  per  minute,  or  at  the  rate  of  $1.40  for  each 
gallon  of  yield  per  minute.  Detailed  information  concerning  nifl<^ 
veils  used  for  irrigating  rice  lands  is  given  in  the  table  on  page  1<2. 
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Joneshoro. — ^The  municipal  water  supply  of  Jonesboro  (popula- 
tion 7,123,  census  of  1910)  is  taken  from  deep  wells.  Information 
concerning  the  system  has  been  obtained  from  Mr.  Jeffrey  A.  Hough- 
ton, postmaster  of  Jonesboro ;  from  the  superintendent  of  the  water- 
works plant;  and  from  Mr.  Lee  Stone,  who  drilled  the  two  deepest 
wells.  There  are  six  wells,  four  of  which  are  300  to  500  feet  deep, 
and  two  respectively  1,214  and  1,265  feet  deep.  One  of  the  deepest 
wells  is  cased  to  a  depth  of  500  feet  with  8-inch  casing  and  the 
rest  of  the  way  with  6-inch  casing;  the  other  is  cased  to  a  depth  of 
500  feet  with  6-inch  casing  and  the  remainder  of  the  depth  with  4- 
inch  casing;  in  tiiese  wells  the  water  rises  to  within  60  feet  of  the 
surface. 

The  water  is  pumped  from  the  wells  to  a  standpipe,  the  base  of 
which  is  372  feet  above  sea  level  and  70  feet  above  the  level  of  the 
St  Louis  Southwestern  Eailway  track  at  the  station.  The  water  is 
distributed  through  nearly  15  miles  of  mains.  The  standpipe  pres- 
sure is  72  poimds  per  square  inch  and  the  possible  direct  pressure  for 
fire  protection  is  110  pounds  per  square  inch.  The  daily  capacity  of 
the  plant  is  2,000,000  gallons. 

An  approximate  log  of  one  of  the  deep  wells  (No.  10,  p.  172)  is 
as  follows: 

Log  of  deep  well  at  the  city  waterworks  plant,  Jonesboro, 


Thick- 
ness. 


Depth. 


Pleistooene: 

RMdajCaliMlesoftheloflBs) 

PUoceoe  (T)  (LA&yette  formation): 

Gravel  mixed  with  red  day 

Joint  day 

Coarse  yellow  sand 

Eoeme  and  probably  Cretaceous  (undifferentiated): 

Pipeclay 

Odmbo 

Very  fine  quif^sand.  grading  downward  to  a  coarse  sand  and  gravel,  the  latter 
abundantly  water  bearing 

Very  toufh  black  gumbo , 

Bine  mud ,  soft  in  places,  containing  iron  concretions  called  "niggerheads'' 

Very  hard  rock. ., 

AHemating  layers  of  water-bearhig  sand  and  hard  rock,  the  sand  layers  being  about 
14  feet  tldck  and  the  rock  laywsl  to  2  feet  thick. 


Feet. 
20 

4 
10 
1 

26 
10 

60 

50 

1,020 

4 

61 


Feet, 
20 

24 
34 
35 

60 
70 

130 

180 

1.200 

1,204 

1,265 


The  log  of  a  well  owned  by  Mr.  C.  N.  Carson,  4  miles  south  of 
Jonesboro,  on  the  east  side  of  Crowleys  Ridge  (No.  12,  p.  172),  is  as 
follows: 

Log  of  well  of  C,  N,  Carson,  4  miles  south  of  Jonesboro, 


PMrtocmeCT): 

Red  day 

Eocene  (Wilcox  formation): 

White  sand,  water  bearing  in  basal  portion. , 


Thlck- 


Feet. 
7 

107 


Depth. 


Feet. 


7 
114 
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SetUeUm. — ^Detailed  informatioD  conoeming  seTeral  wells  at  Net- 
tl^on  (populaticHi  1,080,  census  of  1910)  is  given  in  the  table  oo 
page  172  (Nos.  16,  17,  18).  A  log  of  the  well  owned  by  die  St. 
Louis,  Iitm  Mountain  &  Southern  Bailway  is  as  f(^ows: 

Log  of  «re27  of  8t.  LomU,  Iron  Mountain  d  Bomthem  RaHwap,  yettleiom. 


Tbkk- 


Plifaf nffti»  aDnTtam  (T): 

YcOowWictoj 34 

PiiMwliit«MiMl,wmtcrb«Hln« 40 

CoaraeiaiidaodsnTel I  S 

Yellowirii,  touch  ctoj 30 

YcOovirii,  whM,  pink,  aod  p«7  MDd,  p«vel  At  bottom,  waur  bMiing  UuxNigtK^  00 


C7 
147 


Greensboro.— The  log  of  a  well  (Na  9,  p.  172)  owned  by  J.  W. 
Johnson  at  Greensboro,  a  small  village  on  Crowleys  Ridge,  8  miles 
northeast  of  Joneeboro,  is  as  follows: 

Log  of  iceU  of  J.  W,  Johnson,  Qreenshoro, 


Thkkr 

DepCb. 

Sofl  and  PMftoone  (a  fM^its  of  kM8): 

FetL 
10 

1 

10 
146 

Fut. 
10 

Pliocme  (T)  (LafayettA  fannatiao): 

Gravel 

u 

Tertiary  (Eoone,  WOtex  fonnatton): 

41 

Sand,  reddJ^ at  top,  becoming  white  toward  baae;  water  bearing  in  baaal  portion.. 

180 

Lake  City, — A  400- foot  oil-prospecting  well  was  drilled  at  Lake 
City  in  1900  (?),  concerning  which  the  following  information  has 
been  furnished  by  Mr.  A.  J.  Bates:  Sands  and  clays  in  alternating 
layers,  with  the  sands  predominating,  were  penetrated  to  the  bottom 
of  the  well,  with  the  exception  of  a  bed  of  gravel  encoimtered  at  a 
depth  of  300  feet.  An  incomplete  set  of  samples  from  the  well  was 
examined  by  the  senior  author.  From  the  surface  to  a  depth  of  130 
feet  the  materials  appear  to  be  alluvial  sands  and  clays.  A  sample 
from  a  depth  of  160  feet  is  medium-grained  white  sand;  one  from 
a  depth  of  220  feet  is  hard  white  clay  breaking  with  a  conchcMdal 
fracture;  and  one  from  a  depth  of  280  feet  is  black,  ^ny  lignite. 
The  strata  from  160  feet  to  400  feet  probably  belong  to  the  Wilcox 
formation. 

Wells  for  irrigation. — Wells  used  for  irrigating  rice  lands  have 
been  drilled  in  the  vicinity  of  Bono,  Gilkeson,  Obear,  and  NettletcHi; 
nine  of  them  are  described  in  detail  in  the  table  on  pages  172-173. 
The  logs  of  four  of  them  are  as  follows : 
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[No.  1,  p.  172.) 
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Thick- 
ness. 

Depth. 

8ofl  and  Pleistocene  aDuyium: 

6ofl 

Fe€L 
2 

18 
68 

Feet, 
2 

"Hardpan" 

20 

Onvel,  water  bearing 

78 

Log  of  tceU  of  Burk  <C  Cole,  21  miles  southwest  of  Oilkeson, 
[Na7,p.l72.J 


Thick- 


Depth. 


ifl  and  Pleistocene  aUuviom: 

Boa 

"Hardpan" 

Qnlcksand 

Coarse  sand,  watar  bearing . 
Gravel,  water  bearing 


Ftet. 

Feet. 

2.6 

2.6 

18 

20.5 

35 

66.5 

10 

65.5 

87.5 

103 

Ijog  of  well  of  C.  O.  Collins,  7  miles  southwest  of  Joneshoro  {S  miles  southeast 

of  Oilkeson), 

[No.  13,  p.  172.) 


SoQ  and  Plelstooena  alhiTiiun: 
Sou. 


Bard  clay  called  "hardpan" 

Soft  fHable  clay 

Pine  sand 

Sand,  increasing  in  coarseness  to  a  very  coarse  gravel  at  base,  water  bearing  tlirough- 
oat. 


Thick- 
ness. 


Depth. 


Fen, 
2 
22 
32 
37 

113 


Log  Of  well  of  the  Qregg  d  Houghton  Land  Co,,  S\  miles  northwest  of  Ohear, 

[No.  22,  p.  172] 


S<^  and  Pleistocene  alluvium: 
Sou. 


"Hardpan'^day 

Pine  quicksand 

Coarse  sand,  water  bearing . 


Thick- 


Ftet. 
2 
18 
15 
67 


Depth. 


Feet, 

2 

20 

35 

102 
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174      GEOLOGY  AKD  GROUND  WATERS,  NORTHEASTERN  ARKANSAS. 
CBITTENDEN  COUNTY. 
PHYSIOGRAPHY. 

Crittenden  County,  in  the  eastern  part  of  the  State,  adjacent  to  the 
southwestern  part  of  Tennessee,  comprises  an  area  of  582  square 
miles.  The  population  was  reported  by  the  census  of  1910  as  22,447. 
Lumbering  and  agriculture,  including  trucking  and  the  raising  of 
cotton  and  cereals,  are  the  chief  industrie&  Fruit  is  also  grown. 
The  county  is  heavily  timbered  and  large  sawmills  are  numerous. 

The  county  is  included  in  the  Mississippi  lowland,  the  general 
surface  lying  200  to  236  feet  above  sea  leveL  Mississippi  Biver 
forms  the  eastern  boundary ;  the  highest  land  lies  immediately  west 
of  the  river,  from  which  there  is  a  slight  inclination  to  the  west  and 
southwest.  Ponds,  abandoned  stream  channels,  and  bayous  are 
numerous,  and  much  of  the  surface  is  swampy  and  covered  with 
forest.  The  areiL  is  subject  in  part  to  overflow  from  Mississippi 
Biver.  Some  of  the  higher  land  has  been  cleared  and  cultivated. 
The  drainage  is  chiefly  to  the  southwest  into  St.  Francis  River. 

GEOLOGY. 

The  surface  materials  throughout  the  county  consist  of  Becent 
alluvial  sands  and  clays  deposited  from  the  waters  of  Mississippi 
Biver.  Data  concerning  the  age  of  the  materials  below  the  Becent 
deposits  are  meager.  It  is  possible  that  the  Becent  alluvium  re^ 
on  alluvial  sands,  clays,  and  gravels  of  Pleistocene  age,  which  in  turn 
rest  on  an  eroded  surface  of  Tertiary  (Eocene)  strata.  The  depth  to 
the  Eocene  strata  has  not  been  determined,  but  data  afforded  by  sev- 
eral wells  probably  indicate  that  the  Eocene  lies  150  to  225  feet  below 
the  general  surface. 

The  undifferentiated  Eocene  strata  are  believed  to  be  about  1,0(X) 
feet  thick  and  they  are  imderlain  by  strata  of  Cretaceous  age.  Ac- 
cording to  Ashley's  interpretation  ^  of  the  record  of  a  well  on  Hen 
and  Chicken  Island,  near  Memphis,  the  Bipley  formation  of  the 
Upper  Cretaceous  was  first  encountered  at  a  depth  of  1,135  feet  (see 
section,  p.  177),  and  clay  representing  the  Selma  chalk,  also  Upper 
Cretaceous,  was  reached  at  a  depth  of  1,589  feet,  and  had  not  been 
completely  penetrated  when  drilling  was  discontinued  at  a  deptii 
of  1,798  feet.  At  an  unknown  depth,  probably  between  2,500  and 
8,000  feet,  the  Cretaceous  deposits  are  believed  to  rest  upon  a  base- 
ment of  Paleozoic  rocks. 

1  Ashley,  O.  H.,  Recent  drilling  for  oil  and  gas  at  Memphis,  Tenn. :  Prellminair  report 
upon  the  oil  and  gas  deyelopments  in  Tennessee :  Tennessee  Geol.  Survey,  Appendix  Jl 
pp.  40-42.  1911. 
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WATER  RESOURCES. 
GEVEKAL  COKDmONB. 

The  domestic  water  supplies  of  this  county  are  obtained  chiefly 
from  wells  10  to  100  feet  deep,  the  strata  drawn  upon  being  the 
alluvial  sands.  The  water  in  the  wells  stands  10  to  30  feet  below 
the  surface.  As  reported  by  the  well  owners,  some  of  the  waters  are 
soft,  some  are  hard,  and  some  are  ferruginous.  Wells  more  than  100 
feet  deep  have  been  drilled  at  Earl  and  Turrell.  Cisterns  are  in  use 
at  a  few  places  in  the  county. 

Water  in  great  abundance  is  obtainable  from  the  sands  and  gravels 
of  the  Recent  and  Pleistocene  alluvial  deposits  to  depths  of  150  to 
225  feet.  The  Eocene  deposits  which  imderlie  the  alluvial  materials 
to  depths  of  1,100  or  1,150  feet  contain  important  water-bearing 
beds,  the  waters  of  which  are  under  hydrostatic  pressure  and  will 
rise  within  5  to  15  feet  of  the  surface  or  may  even  overflow  at  the 
surface;  they  will  be  found  potable  and  suitable  for  domestic  and 
most  other  ordinary  purposes,  but  some  of  them  are  apt  to  be  mod- 
erately hard  or  ferruginous.  The  Cretaceous  deposits  which  imderlie 
the  Eocene  strata  also  contain  water-bearing  beds  and  probably  the 
waters  are  under  sufficient  hydrostatic  pressure  to  overflow  at  the 
surface. 

LOCAL  SUPPLIES. 

Earl. — ^The  town  of  Earl  (population  1,542,  census  of  1910)  owns 
a  municipal  water-supply  system  and  obtains  water  from  a  474-foot 
well  (No.  1,  p.  178).  The  water  is  lifted  from  the  well  by  a  pump, 
having  a  capacity  of  17,000  gallons  an  hour,  into  a  tank  holding 
40,000  gallons.  The  tank  pressure  is  35  pounds  per  square  inch,  and 
the  direct  pressure  for  fire  protection  is  60  pounds  per  square  inch. 
Three  miles  of  mains  distribute  the  water  to  the  consumers.  The 
daily  consumption  is  70,000  gallons  for  domestic  use  and  50,000  gal- 
l<ms  for  manufacturing.     (See  incomplete  analysis  No.  15,  p.  302.) 

TurreU. — ^The  following  is  the  log  of  a  deep  well  at  Turrell  owned 
by  the  Baker  Lumber  Co.^  (No.  5,  p.  178) : 

Log  of  well  of  Baker  Lumber  Co.,  TurreU. 


TWck- 


DeptlL 


QoaUniary  alhiTiiim  (Plelstooene  and  Reoent): 

"Buckshot"  grading  downward  into  sand 

Sand  and  gravel  with  thin  clay  partings 

Tcrtliiry  (EooSae): 

Blue  day  wiu  enough  fine  sand  to  make  sinking  by  hvdrauUc  process  easy. 

Gray  sand  like  that  at  Memphis,  containing  lignite  in  large  quantities 


Feet. 
16 
166 

658 
24 


16 
182 

840 
864 


^Shepard,  E.  M..  Underground  waters  of  Missouri:  U.  S.  Geol.  Survey  Water-Supply 
Paper  195,  p.  187,  1907. 
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WeUs  at  and  near  Memphis^  Term. — Several  deep  wells  have  been 
drilled  in  areas  adjacent  to  Crittenden  County,  at  and  near  Memphis, 
Tenn. ;  the  materials  penetrated  in  them  are  essentially  the  same  as 
would  be  encountered  by  deep  drilling  anywhere  in  Crittenden 
County.  Logs  of  the  two  deepest  wells  reported  are  included  here. 
Log  of  municipal  well  No,  109,  Memphis.^ 


Yellow  clay 

Uwd  brown  clay 

Slightly  soft  brown  clay 

Gravel  and  sand 

Soft  brown  clay  and  sand 

Slightly  hard  brown  clay 

Stm  blue  clay 

Soft  blue  clay 

Stiff  blue  clav  and  sand 

Soft  brov^Ti  clay  and  sand 

Very  hard  brown  clay 

Very  reddish  clay 

Hard  blue  clay 

Soft  blue  clay 

Stiff  blue  clav 

Soft  brown  clay 

Slightly  hard  brown  clay 

Stiff  brown  clay 

Hard  bro^Ti  clay 

Very  hard  brown  clay 

Hard  brown  clay 

Slightly  hard  blue  clay 

Hard  blue  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Fine  sand 

Fine  sand  and  lumps  of  blue  dav 

Coarse  sand  and  lumps  of  blue  (Obj.  . . 

Soft  blue  clay 

Sandy  blue  clay 

Fine  sand  and  clay 

Sandy  blue  clay 

Fine  sand  and  day 

Sandy  blue  clay 

Fine  sand 

Sandy  blue  clay 

Fine  sand 

Coarse  sand  and  clay 

Soft  blue  clay 

Clay  and  sand 

Very  fine  sand 

Very  fine  sand  and  clay 

Very  fine  sand 

Very  coarse  sand  with  lignite 

Lignite,  pyrit«,  and  clay 

Very  fine  sand  and  lignite 

Soft  white  clav 

Very  fine  sand 

Hard  brown  clay 

Fine  white  sand 

Hard  brown  clay 

Fine  sand 

Stiff  brown  clay 

Very  hard,  substantial  rock 

Very  stiff  blue  clay 

Blue  clay,  slightly  sandy 

Shale 

Sandy  clay 

Gravel 

Blue  clay  and  sand 

Sand  and  rock 

Sand  and  blue  clay 

Sand  and  clay  ana  rock. 

Fine  sand  and  clay 

Blue  clay  and  san<l 

Sand  and  clay 

Fine  sand..... 

White  sand  (water  flowed  to  surface) . 
White  sand 
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1.5 
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15.1 
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1.8 

1 

1 
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61 
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53 
27 
35.4 
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17 
10 
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7 
22 
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2.3 
17.7 
25 
3&2 
16.8 
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2 
195 
17 
53 
31 

ao 

34 
50 
25.6 
.5 
27.9 
106 
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3.5 

6 
26 
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6 
23 

8 
46 
79 
35 

4 
38 


o  Gi«nn,  L.  C..  y .  8  Oeol.  SuryeyWater-Siinply  Paper  164^p.  114, 115, 1906.  (Glv«  a  nartkl  k«  ^ 
the  well  to  a  depth  of  1,147.5  feet.)  Munn,  M.  J..  Resources  of  Tennessee,  vol.  2,  No.  2,  pp.  5W7.  Tame- 
see  Geol.  Survey,  Feb.,  1912.    (Gives  a  complete  log  of  the  weU  to  a  deptk  of  1,^  feet) 
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Log  of  municipal  well  No,  109 ^  MempMi — Continued. 
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BboksHid 

BhM day  and  sand. 

Clay...:. 

Fint  gray  sand. 


FeeL 
06 
20 

6 

8 
16 

1 
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1,637 
1,667 
1,663 
1,566 
1,682 
1,683 


Log  of  Memphis  Natural  Ous  d  OH  Co,*s  oH-prospecting  noeU  No,  1,  on  Hen  and 

Chicken  Island.^ 
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Depth. 


Qiaynad... 
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Oflsand. 

Bhiepmibo. 

Fine  Siay  sand. 

FtoegraveL 

CotnegraveL 

WWtesand 

Clay  and  Ugnlte 

Ony  watflr-beaiing  sand  and  Uc^te. . 

Bhwclay  (durnksj. 

Ony  sand  and  Ugnlte 

Ony  coarse  water  sand. 

Gny  land  and  llcnlte 

Bhieday .^TTT 

Bioimsand  (good  showing  of  oil) 

Bbck  gas  sand  (gas  and  ofl  shovdng). 

CeoMoted  rook  and  gravel.. 

Qasnod. T. '. 

Bine  rock 

OiMaday 

Brown  day 

Lignite. 

Bhieday 

Finesand 

Gresnday 

Hard  day 

Flnannd 

Qnmbo ! 

Ftaeaand.ilim!!.!!!!!! !!........!. 

Qombo 

J^rt«lan  sand  ..................... 

day ; 

Fineaaod 

Chy 

Btoarock 

Fine  and 
Oay 


Fine  nod 

Clay 

FiniBKnd 

Gninbo,  ttroDg  showing  of  oil;  stops  oo  rock.. 
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Feet. 

36 

88 

68 

62 
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100 

121 

125 

256 

476 

646 

700 

745 

070 

1,125 

1,136 

1,147 

1,148 

1,172 

1,176 

1,177 

1,184 

1,180 

1,222 

1,232 

1,255 

1,390 

1,304 

1,324 

1,351 

1,360 

1,680 

1,676 

1,684 

1,700 

1,706 

1,706 

1,746 

1,763 

1,771 

1,780 

1,704 


'  Ashley.  O.  H.,  Recent  drllUne 


v. — -v  "•  •/••  -r^ -'^."*HF  '***"  ®"  ^?^  *f*"  **  Memphis:  Preliminary  report  upon 

me  oU  and  gas  developments  In  Tennessee,  Appendix  A.  pp.  40-42,  Tennessee  Geol.  Survey, 

Ashley  says : 

Well  No.  1  passed  through  155  feet  of  blue  clay  between  980  feet  and  1,135 
^M^  Apparently  this  Is  the  Porters  Creek  clay  [basal  Eocene] ;  then  comes 
•and,  clay,  and  lignite,  the  sand  predominating,  to  1,589  feet,  or  for  a  thickness 
of  454  feet  As  clays  predominate  below,  and  as  this  Is  about  the  thickness 
M  the  Ripley  formation  [Upper  Cretaceous],  It  may  be  assumed  to  represent 
I  that  formation;  below  would  come  the  Selma  clay  [Upper  Cretaceous],  and  as 
I  that  formation  has  a  thickness  of  300  to  400  feet  to  the  east,  It  would  appear 
that  the  well  stopped  In  that  formation.  The  Selma  clay  Is  a  light  leaden  gray 
•r  greenish  clay  when  dry,  and  somewhat  darker  when  wet.  It  will  be  noted 
that  of  the  204  feet  of  strata  at  the  bottom  of  the  well  below  1,589  feet  all  but 
^  feet  are  clay. 

11674*— wsp  899— 16 12 
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CB08S  COTTKTY. 
PHYSIOGRAPHY. 

Cross  County  lies  west  of  Crittenden  County  and  north  of  St. 
Francis  County.  Its  area  is  619  square  miles.  Its  population  at  the 
time  of  the  c^isus  of  1910  was  14,042.  Lumbering,  agriculture,  fruit 
growing,  and  stock  raising  are  important  industries.  At  Wynne, 
the  county  seat,  there  are  several  sawmills  and  mills  which  manu- 
facture wood  products. 

The  county  includes  parts  of  three  recognizable  physiographic  sub- 
divisions— Crowleys  Ridge,  the  Advance  lowland,  and  the  Mississippi 
lowland. 

Crowleys  Ridge  is  a  belt  of  hUly,  partly  wooded  land,  3  to  6  miles 
wide,  extending  north  and  south  through  the  center  of  the  county 
and  rising  350  to  380  feet  above  sea  level,  or  120  to  150  feet  above 
the  lowlands  to  the  east  and  west.  Small  intermittent  and  perennial 
streams  flow  at  right  angles  to  the  trend  of  the  ridge  and  discharge 
into  St.  Francis  River  or  St.  Francis  Bayou  on  the  east  and  into 
L^Anguille  River  on  the  west.  The  surface  has  been  considerably 
dissected  by  these  streams.  The  eastern  slope  is  somewhat  more 
abrupt  than  the  western  slope,  but  both  margins  of  the  ridge  are 
separated  from  the  bordering  lowlands  by  sharply  defined  escarp- 
ments. 

The  Advance  lowland  includes  the  area  west  of  Crowleys  Ridge,  a 
nearly  level  plain  lying  230  to  245  feet  above  sea  level  and  sloping 
slightly  to  the  south.  It  is  drained  chiefly  by  L' Anguille  River  ( flowing 
southward)  and  its  tributaries,  which  occupy  shallow  valleys  that 
are  only  a  few  feet  lower  than  the  general  level,  are  in  part  swampy, 
and  are  heavily  timbered  except  where  locally  cleared  for  cultiva- 
tion. In  the  interstream  areas  west  of  L'Anguille  River  the  surface 
is  gently  rolling  and  presents  irregularly  distributed  tracts  of  open 
grass-covered  prairie,  separated  by  slightly  lower  wooded  areas. 
East  of  L'Anguille  River  the  surface  slopes  gradually  upward  from 
the  river  bank  to  the  foot  of  Crowleys  Ridge;  here  the  land  is 
more  fertile  than  the  land  west  of  the  river  and  is  forested,  except 
where  locally  cleared  for  cultivation. 

The  Mississippi  lowland  east  of  Crowleys  Ridge  is  within  the  flood 
plain  of  St.  Francis  River  and  is  220  to  235  feet  above  sea  level. 
St  Francis  River  enters  the  county  at  the  northeast  comer  and  flows 
sinuously  across  it  in  a  general  southwesterly  direction.  Bayou  St. 
Francis  enters  the  county  in  the  north,  flows  southward  near  the 
foot  of  Crowleys  Ridge,  and  joins  St.  Francis  River  near  Levesque. 
The  surface  of  the  lowland  is  diversified  by  numerous  ponds  and 
abandoned  stream  channels,  separated  by  wooded  areas  of  low  swamp 
land  and  low  ridges. 
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COSOLOGY. 

The  core  of  Crowleys  Ridge  to  a  height  of  50  to  100  feet  above 
the  lowlands  to  the  east  and  west  is  composed  of  regularly  and  irrega- 
larly  bedded  fine  sands  and  clays  of  Eocene  age,  bel(mging  mainly 
to  the  Claiborne  formaticHi.  The  clays  are  light  to  dai^  in  color 
and  in  places  «re  lignitic.  Well-preserved  fossil  leaves  of  Claiborne 
age  have  been  found  in  clays  and  nodules  of  iron  carbonate  in  an 
exposure  near  Cherry  Valley.  (See  p.  69.)  The  Eocene  deposits 
underlie  Crowleys  Bidge  to  an  undetermined  depth,  estimated  to  be 
at  least  1,000  feet;  they  also  underlie  the  alluvial  deposits  in  the  low- 
lands, both  to  the  east  and  west  of  the  ridge;  they  contain  imi)ortant 
water-bearing  beds. 

The  Eocene  deposits  are  underlain  by  strata  of  Cretaceous  age, 
doubtless  in  part  water  bearing,  which  at  an  imknown  depth  rest 
upon  a  basement  of  Paleozoic  rocks.  The  Eocene  strata  in  Crowleys 
Bidge  are  unconformably  overlain  by  10  to  40  feet  of  irregularly 
bedded  sands  and  gravels  of  late  Pliocene  or  early  Pleistocene  age 
belonging  to  the  Lafayette  formation ;  they  are  in  part  water  bearing. 
Locally  the  gravels  have  been  indurated  to  a  conglomerate.  The 
gravels  and  sands  are  overlain  by  20  to  60  feet  of  yellowish,  reddish, 
and  brownish  massive  loess,  in  part  calcareous,  which  forms  the 
capping  material  of  Crowleys  Bidge. 

The  gravels,  sands,  and  loess  extend  down  over  the  slopes  of  Hit 
ridge,  and  doubtless  they  have  been  reworked  in  part  from  their  origi- 
nal position,  or  have  found  their  way  .downward  by  creep  or  land- 
slides. 

The  Advance  lowland  west  of  Crowleys  Bidge  is  underlain  by  IW 
to  160  feet  of  alluvial  gravels,  sands,  clays,  and  loams  of  Pleistocene 
age,  unconformably  overlying  Eocene  strata.  In  general  the  mat^ 
rials  grade  downward  from  fine  clays  and  loams  to  coarse  water- 
bearing sands  and  gravels  at  the  base.  The  flood  plains  of  L'Anguille 
Biver  and  its  tributaries  are  underlain  by  Becent  alluvial  sands,  days, 
and  loams  of  undetermined  thickness.  The  Mississippi  lowland  east 
of  Crowleys  Bidge  is  underlain  by  150  to  225  feet  of  undifferentiated 
Becent  and  Pleistocene  loams,  clays,  sands,  and  gravels  which  rest 
unconformably  upon  Eocene  strata.  The  sands  and  gravels  cany 
large  quantities  of  water. 

WATER  RESOURCES. 
GEVSRAL  OOKDinOHB. 

Domestic  supplies. — ^Water  for  domestic  and  industrial  uses  is  ob- 
tained chiefly  from  wells  10  to  200  feet  deep,  and  from  springs,  b 
the  lowlands  the  sands  and  gravels  of  the  alluvial  deposits  form  the 
principal  source  of  the  waters ;  the  static  head  of  the  wells  is  10  to  35 
feet  below  the  surface.  In  Crowleys  Bidge  the  sands  and  gravels  of 
*he  Lafayette  formation  and  beds  of  sand  in  the  underlying  Eocene 
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deposits  yield  waters  which  here  rise  within  30  to  100  feet  of  the  sur- 
face. Wells  exceeding  200  feet  in  depth  have  been  drilled  at  Wynne, 
at  Parkin,  and  5  miles  east  of  Cherry  Valley.  As  reported  by  the 
well  owners,  some  of  the  well  waters  are  soft,  some  are  hard,  and 
some  are  ferruginous.  With  perhaps  a  few  exceptions  they  are 
potable  and  are  suitable  for  most  ordinary  purposes.  Numerous  small 
springs  in  Crowleys  Eidge  yield  soft  moderately  mineralized  waters. 

The  Pleistocene  alluvial  deposits,  which  imderlie  the  Advance  low- 
land west  of  Crowleys  Ridge  to  depths  of  140  to  160  feet,  and  the  un- 
differentiated Pleistocene  and  Recent  alluvial  deposits,  which  under- 
lie the  Mississippi  lowland  east  of  the  ridge  to  depths  of  150  to  225 
feet,  contain  in  their  sandy  and  gravelly  layers  great  quantities  of 
water  suitable  for  domestic  and  industrial  supplies  and  for  irrigation. 
The  Tertiary  strata  which  underlie  Crowleys  Ridge  and  upon  which 
rest  the  alluvial  deposits  east  and  west  of  the  ridge  contain  important 
water-bearing  beds  that  may  be  reached  by  wells  at  estimated  depths 
of  1,000  to  1,200  feet  below  the  lowland  levels.  These  are  underlain 
to  unknown  depths  by  deposits  of  Cretaceous  age  which  also  contain 
water-bearing  beds. 

There  are  no  flowing  wells  in  the  county.  In  the  two  deep  wells  at 
Parkin  (480  and  597  feet,  respectively),  the  water  rises  within  10  to 
12  feet  of  the  surface  and  a  well  2,007  feet  deep  at  Marked  Tree, 
Poinsett  County,  overflows  at  the  surface,  facts  which  seem  to  show 
that  flows  could  be  obtained  in  this  county  in  the  Mississippi  lowland 
east  of  Crowleys  Ridge  at  depths  of  1,800  to  2,500  feet. 

Irrigation. — ^The  rice-growing  industry  has  been  introduced  into 
the  county  and  in  the  flat  lands  west  of  Crowleys  Ridge  is  rapidly 
becoming  important.  Water  for  irrigation  is  obtained  chiefly  from 
wells  65  to  170  feet  deep  which  tap  the  water-bearing  alluvial  sands 
and  gravels  underlying  the  Advance  lowland,  and  yield  from  500  to 
2,000  gallons  per  minute.  The  cost  of  drilling  and  equipping  the 
wells  ranges  from  $550  to  $1,200  per  well,  the  average  cost  for  five 
wells  being  $1,100  for  each  1,000  gallons  of  yield  per  minute,  or  at 
the  rate  of  $1.10  for  each  gallon  of  yield.  Six  irrigation  wells  are 
described  in  the  table  on  page  184. 

LOCAL  BUPPLnSB. 

^ynne. — ^The  town  of  Wynne  (population  2,853,  census  of  1910) 
owns  a  municipal  water-supply  system  and  obtains  water  from  two 
125-foot  wells  (Nos.  17,  18,  p.  184).  C.  M.  Grain,  mayor,  has  fur- 
nished the  following  information  in  regard  to  the  wells  and  plant : 
The  water  is  pumped  from  the  wells  to  a  standpipe  having  a  capacity 
of  75,000  gallons  and  furnishing  a  standpipe  pressure  of  75  pounds 
per  square  inch.  The  water  is  distributed  to  the  consumers  through 
4  miles  of  mains,  the  daily  consumption  for  domestic  purposes  being 
approximately  65,000  gallons. 
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One  well  at  Wynne  has  been  sunk  to  a  depth  of  360  feet  The 
name  of  the  owner  and  other  details  have  not  been  obtained,  but  t 
dtiz^i  has  famished  the  following  log  which,  since  it  is  given  from 
mem<»7,  must  be  understood  as  only  approximately  correct: 

Log  of  weU  at  Wynne, 
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The  Wynne  Brick  Co.  owns  a  well  250  feet  deep  (No.  19,  p.  184) 
and  the  St.  Louis,  Iron  Mountain  &  Southern  Railway  Co.  owns  % 
well  186  feet  deep  (Na  16,  p.  184). 

Parkin. — Two  deep  wells,  the  deepest  in  tiie  county,  haTe  beoi 
drilled  at  Parkin.  One,  owned  by  the  Northern  Ohio  Cooperage  & 
Lumber  Co.,  is  597  feet  deep  (No.  10,  p.  184),  the  log  of  which  is  as 
follows: 

Log  of  well  of  the  Northern  Ohio  Cooperage  d  Lumber  Co.,  Parkim. 
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The  other  well,  owned  by  the  Lansing  Wheelbarrow  Co.,  is  480 
feet  deep  (well  9,  p.  184). 

Varmdale. — A  167-foot  well  at  Vanndale  is  owned  by  the  York 
Lumber  Co.  (No.  13,  p.  184),  The  following  log  has  been  furnished 
by  Mr.  Wiley,  of  the  firm  of  Layne  &  Bowler,  drillers,  Stuttgart 
Ark.,  throu^  Mr.  E.  G.  Norton,  of  Brinkley,  Ark.: 

Log  of  well  of  the  York  Lumber  Co.,  Vanndale. 
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Five  imles  east  of  Cherry  Valley. — A  well  located  near  the  east 
foot  of  Crowleys  Bidge,  owned  by  Mr.  Smith,  is  230  feet  deep.  The 
owner  has  furnished  the  following  log  from  memory : 

Log  of  well  owned  by  Mr.  Smith,  5  miles  east  of  Cherry  Valley, 

(No.  8,  p.  184.] 
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Feet. 
1.5 
15 

218.5 


Feet, 
1.5 
16.5 

230 


Fairoaks. — ^A  well  at  Fairoaks,  82  feet  deep,  is  owned  by  the  St. 
Louis  Southwestern  Railway  Co.  (No,  4,  p.  184).  The  log  is  as 
follows : 

Log  of  well  of  the  8t.  Louis  Southwestern  Railway  Co,,  Fairoaks, 


Thick- 


Depth. 


Pleistocene  aOtrvium: 

White  earth 

'*Hardpan" 

Gray  medium  fine  sand,  water  bearhig  . 


Feet. 
8 
0 
70 


Feet. 


3 
12 


Wells  for  irrigation. — ^Wells  for  irrigating  rice  lands  have  been 
drilled  in  the  vicinity  of  Cherry  Valley,  Fairoaks,  Hickory  Ridge, 
Hydrick,  Tilton,  anci  Vanndale;  six  of  the  wells  are  described  in 
detail  in  the  table  on  page  184.    Logs  of  three  of  them  are  as  follows : 


Log  of  well  of  T.  A,  Norviel,  2J5  miles  east  of  Fairoaks, 

[No.  5,  p.  184.] 

Thick- 
ness. 

Depth. 

Pleirtocene  alluvium: 

Clay 

Feet. 
14 
26 
26 

Feet. 
14 

8an4,  water  bearing 

40 

(hoarse  gravel,  water  bearing 

65 

Log  of  well  owned  by  W.  F.  Clements,  near  Hydrick, 

[No.  7,  p.  184.] 

Thick- 
ness. 

Depth. 

Plebtooene  aOnvinm: 

Whltish  colored  day 

Feet. 
40 
35 

Feet. 
40 

fland^  water  b^aHr^^  espeotally  in  lower  15  feet 

75 

Log  of  well  owned  by  Miller  d  Son,  4  miles  northeast  of  TUton, 

[No.  11,  p.  184.1 

Thick- 
ness. 

Depth. 

Pleistocene  aUuvium: 

Clay  and  sand 

Feet. 
23 
30 
27 

Feet. 
23 

Onfefniattd,  wftt'^r bearing 

53 

filftid  and  gravel,  water  )>earing 

80 
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GREENE  COXTNTY. 
PHYSIOGRAPHY. 

Greene  County  lies  immediately  south  of  Clay  County,  in  the  north- 
eastern part  of  the  State.  The  area  of  the  county  is  561  square  miles, 
and  the  population  was  reported  by  the  census  of  1910  as  23^2. 
Agriculture  and  lumbering  are  the  chief  industries,  and  stock  raising 
is  growing  in  importance.  At  Paragould,  the  county  seat,  are  several 
sawmills  and  mills  manufacturing  wood  products. 

The  county  includes  parts  of  Crowleys  Ridge,  the  Advance  low- 
land, and  the  Mississippi  lowland,  the  three  main  topographic  divi- 
sions recognizable  in  the  Mississippi  embayment. 

Crowleys  Eidge  forms  a  belt  of  hilly,  partly  cultivated  and  partly 
wooded  land,  8  to  12  miles  wide,  extending  northeast  and  southwest 
through  the  center  of  the  county,  attaining  a  maximum  elevation  of 
500  to  525  feet  above  sea  level,  or  200  to  250  feet  above  the  lowlands 
to  the  east  and  west.  The  ridge  is  drained  by  numerous  small  peren- 
nial and  intermittent  streams  which  flow  either  eastward  into  the 
Hatchie  Coon  Sunk  Lands  or  westward  into  Cache  River.  The  sur- 
face has  been  strongly  dissected  by  these  streams,  the  main  ones 
flowing  through  rather  broad  valleys  with  smoothly  rounded  slopes: 
many  of  the  small  headwater  branches  occupy  narrow,  steep-sided 
gorges.  The  main  divide  of  the  ridge  is  a  little  west  of  the  center 
and  the  western  slope  is  in  general  more  rugged  than  the  eastern. 

The  county  west  of  Crowleys  Ridge  is  included  within  the  Ad- 
vance lowland,  a  gently  undulating  plain  lying  260  to  275  feet  above 
sea  level  and  inclining  slightly  to  the  south.  Cache  River  flows 
southwestward  in  the  northwestern  part  of  the  county,  south  of 
which  it  forms  the  western  boundary  for  about  15  miles;  the  river 
valley,  which  is  3  to  5  miles  wide  and  is  8  or  10  feet  lower  than  the 
general  level,  is  in  part  swampy  and  is  largely  covered  with  a  growth 
of  timber.  The  interstream  areas  belong  chiefly  to  the  post-oak  flat 
type  and  are  poorly  drained.  In  the  northwest,  between  Cache  Biver 
and  the  St.  Louis,  Iron  Mountain  &  Southern  Railway,  the  other- 
wise nearly  level  surface  is  broken  by  Jones  Ridge,  a  ridge  3  or  4 
miles  long,  one-quarter  to  one-half  mile  wide,  and  30  to  40  feet  high, 
which  trends  northeast-southwest.  Between  Cache  River  and  Ae 
foot  of  Crowleys  Ridge  the  soil  is  more  fertile  than  west  of  the  river 
because  of  the  loams  brought  down  from  Crowleys  Ridge  and  de- 
posited on  the  plain. 

All  the  county  east  of  Crowleys  Ridge  is  included  in  the  Mississippi 
lowland ;  immediately  east  of  and  bordering  the  ridge  is  a  belt  of  post- 
oak  flats,  several  miles  wide,  lying  270  to  275  feet  above  sea  level, 
and  crossed  by  the  numerous  shallow  valleys  of  the  small  streams 
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from  Crowleys  Eidge.  East  of  these  flats  is  the  "sunk  lands"  of 
St.  Francis  River  bottom,  a  swampy,  timber-covered  tract  several  feet 
lower  than  the  post-oak  flats,  interspersed  with  low  ridges  of  sandy 
loam  trending  northeast  and  southwest;  the  ridges,  which  have  been 
partly  cleared  for  cultivation,  are  dotted  with  the  so-called  sand 
blows  of  the  region,  which  consist  of  irregularly  distributed  small 
patches  of  clean  white  sand  believed  to  have  been  ejected  from  fis- 
sures at  the  time  of  the  New  Madrid  earthquake  in  1811-12.  The 
"Hatchie  Coon  Sunk  Lands"  form  the  eastern  boundary  of  the 
county. 

GEOLOGY. 

The  core  of  Crowleys  Ridge  to  a  height  of  75  to  100  feet  or  more 
is  composed  of  irregularly  bedded  sands  and  clays  belonging  to  the 
Wilcox  formation  (Eocene).  The  sands  have  been  locally  indurated 
to  sandstones  of  all  grades  of  hardness  from  soft,  friable  rocks  to 
hard  quartzites,  which  outcrop  at  numerous  places  along  the  western 
slope  of  the  ridge;  fossil  leaves  of  Wilcox  age  have  been  collected 
from  soft  sandstone  near  Hardys  Mill,  about  4  miles  west  of  Gaines- 
ville. (See  p.  59.)  Lignite  has  been  encoimtered  in  wells  drilled 
at  numerous  places  on  the  ridge.  Eocene  strata  underlie  Crowleys 
Ridge  to  a  depth  estimated  to  be  not  less  than  400  or  500  feet,  and 
are  also  present  beneath  the  alluvial  deposits  both  to  the  east  and 
west  of  the  ridge,  where  their  upper  surface  lies  at  depths  of  150  to 
200  feet;  they  contain  important  water-bearing  beds.  The  Eocene 
strata  are  believed  to  be  underlain  by  strata  of  Cretaceous  age,  doubt- 
less in  part  water  bearing,  which  at  an  undetermined  depth,  prob- 
ably not  exceeding  1,200  feet,  rest  on  a  basement  of  Paleozoic  rocks. 

The  Eocene  strata  in  Crowleys  Ridge  are  overlain  unconformably 
by  a  few  feet  to  50  feet  of  gravels  and  reddish  sands  belonging  to 
the  Lafayette  formation  (Pliocene?) ;  these  are  in  part  water  bear- 
ing. The  gravels  are  locally  indurated  to  conglomerates.  The 
Lafayette  formation  is  overlain  by  10  to  30  feet  or  more  of  loess 
presenting  various  facies  of  reddish  and  yellowish  argillaceous  loam 
and  sandy  clay.  In  places  on  the  crest  of  the  ridge  the  loess  has  been 
completely  removed  from  above  the  gravels  by  erosion.  Both  the 
loess  and  gravels  extend  down  over  the  slopes  of  the  ridge,  probably 
in  part  reworked  and  in  part  as  creep  materials,  almost  completely 
concealing  the  Eocene  strata. 

The  Advance  lowland  west  of  Crowleys  Ridge  is  underlain  to  an 
estimated  depth  of  150  to  175  feet  by  alluvial  gravels,  sands,  clays, 
and  loams,  for  the  most  part  of  Pleistocene  age  but  in  part  of  Recent 
age,  which  rest  upon  Eocene  strata.  The  Recent  alluvium  underlies 
the  bottom  lands  of  Cache  River  to  an  undetermined  depth  and  the 
Pleistocene  alluvium  outcrops  in  the  interstream  areas.    In  general, 
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the  Pleistocene  deposits  grade  downward  from  fine  clays  and  silts 
at  the  surface  through  fine  sands  to  coarse  sands  and  gravels  at  the 
base,  which  are  abundantly  water  bearing.  The  Mississippi  lowland 
is  underlain  to  an  estimated  depth  of  150  to  200  feet  by  alluvial 
loams,  clays,  sands,  and  gravels  of  undifferentiated  Pleistocene  and 
Eecent  age.    The  coarser  materials  carry  water  in  large  quantities. 

WATER  RESOURCES. 
GEHSBAL  OOKDinOHB. 

Domestic  water  supplies  are  obtained  chiefly  from  wells  10  to  130 
feet  deep.  In  Crowleys  Ridge  the  wells  tap  the  water-bearing  sands 
and  gravek  of  the  Lafayette  formation  or  the  water-bearing  sands 
of  the  underlying  Eocene  deposits;  in  the  lowlands  the  alluvial  sands 
and  gravels  of  Pleistocene  and  Recent  age  form  the  source.  The 
waters  are  generally  so/t,  but  according  to  the  statements  of  well 
owners  some  are  moderately  hard  and  some  are  ferruginous.  De- 
tailed information  concerning  wells  at  or  in  the  vicinity  of  Lorado, 
Marmaduke,  and  Paragould  is  given  in  the  table  on  page  190. 

The  sands  and  gravels  which  largely  compose  the  alluvial  deposits 
below  the  surface  clays  in  the  lowlands  west  and  east  of  Crowleys 
Ridge  contain  water  in  large  quantities;  these  beds  may  be  tapped 
by  wells  from  10  to  175  feet  deep.  The  Eocene  strata  which  imderlie 
Crowleys  Ridge  and  which  are  present  beneath  the  alluvial  deposits 
of  the  lowlands,  and  the  Cretaceous  strata  which  underlie  the  Eocene 
deposits,  contain  important  water-bearing  beds ;  these  may  be  tapped 
at  depths  of  100  feet  and  over  in  Crowleys  Ridge,  and  at  depths  of 
200  feet  and  over  in  the  lowlands.  The  lower  limit  of  possible  water- 
bearing beds  f  oimd  in  the  Eocene  and  Cretaceous  deposits  is  the  Pale- 
ozoic basement  rocks,  which  lie  at  an  estimated  maximum  depth  of 
1,200  feet  or  more  in  the  extreme  east  The  waters  of  the  Eocene  and 
Cretaceous  deposits  are  under  hydrostatic  pressure,  which  in  the 
Mississippi  lowland  may  be  sufficient  to  produce  flows. 

Small  springs  are  nimierous  in  Crowleys  Ridge  and  are  utilized 
to  some  extent  for  domestic  and  farm  supplies.  As  reported  by  the 
owners,  some  of  the  spring  waters  are  soft,  some  are  hard,  and  some 
are  ferruginous;  a  few  are  rendered  turbid  by  suspended  particles 
of  clay. 

LOCAL  SUPPLIEB. 

Paragould. — ^The  municipal  water  supply  of  Paragould  (popula- 
tion 5,248,  census  of  1910)  is  obtained  from  two  wells.  Detailed 
information  concerning  the  system  has  been  furnished  by  A.  P. 
Mack,  mayor,  and  L.  Stedman,  superintendent  of  waterworks.  The 
wells  are  512  feet  deep  and  6  inches  in  diameter  (Nos.  7  and  8,  p.  190). 
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The  water  is  raised  by  air  lift  at  the  rate  of  353  gallons  a  minute 
from  each  well.  The  water  is  stored  in  two  120,000-gallon  reservoirs 
at  the  pump  station  and  is  distributed  through  5  miles  of  mains. 
The  maximum  direct  pressure  is  120  pounds  per  square  inch.  The 
daily  consumption  for  all  purposes  is  between  400,000  and  500,000 
gallons. 

Detailed  information  concerning  wells  at  Paragould  owned  by 
the  Crystal  Ice  Co.,  the  Paragould  Brick  Co.,  and  the  St.  Louis,  Iron 
Mountain  &  Southern  Railway  Co.  is  given  in  the  table  on  page  190. 

Rural  supplies. — Several  typical  wells  used  for  domestic  and  farm 
supplies  are  described  in  the  table  on  page  190.  Logs  or  incomplete 
logs  of  several  such  wells  are  as  follows : 

Incomplete  log  of  well  of  8.  P.  Weigart,  5^  miles  north  of  Marmaduke, 

[No.  6.  p.  190.] 

Eocene  (Wilcox  fonnatlon)  :  Feet. 

White  sand 26 

Sand,  water  bearing 50 

Coarse  white  sand,  water  bearing 85 

Red  sand  with  some  red  clay,  8  Inches  thick d3 

Sand,  water  bearing;  water  red  when  first  pumped  but 
clears  on  continued  pumping.    After  standing  or  boiling, 

water  becomes  red * OS 

Layer  of  "  pipe  "  day  1  Inch  thick 98 

Not  reported  to 102 

Log  of  weU  o/  R.  A.  Dortch,  12  mMes  northtoeMt  of  Marmaduke^  in  the  NE.  i 

sec.  8,  T.  19  N.,  R.  6  E. 


Thick- 


Depth. 


SoQ 

Red  clay 

8«mL... 

BhiecUj 

SoDd,  water  bearing. 


Fen. 

Ftet, 

1 

1 

2 

8 

2 

6 

14 

10 

20 

80 

Log  of  fceU  of  Joe  Canfee,  of  Lafe,  Si  miles  north  of  Beech  Grove,  in  the  8E  i 
NE.  i  sec.  lU  T.  18  AT.,  R.  4  E, 


Thick- 
ness. 


Depth. 


Qaatemary  (alhnrliim): 

Loam 

Clay 

Fine  sand,  water  bearing 

Bhiemod. 

Sand  and  gravel,  water  bearing. 


Feet. 
3.5 
4 

7.5 
12 
3 


Feet. 
3.5 
7.5 

15 

27 

3D 
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192      GEOLOGY  AND  GROUND  WATEB8,  NOBTHEASTEBN  ARKANSAS. 
rNDEPENDENCS  COUNTY. 
PHTSIOGRAPHT. 

Independence  Ounty  is  in  the  northeast-central  part  of  the  State, 
west  of  Jackson  County,  and  is  on  the  border  between  the  Coastal 
Plain  and  the  Ozark  province.  The  area  is  762  square  miles  and  the 
population,  according  to  the  census  of  1910,  is  24,776. 

The  greater  part  of  the  county  is  included  within  the  Ozark  proT- 
ince,  a  rugged,  deeply  dissected  plateau  which,  within  the  county 
limits,  lies  500  to  1,150  feet  above  sea  leveL  This  plateau  is  crossed 
from  northwest  to  southeast  by  White  Biver,  which  flows  through  a 
narrow  gorge  200  to  500  feet  deep. 

The  remainder  of  the  coimty,  embracing  a  strip  3  to  6  miles  wide 
bordering  the  county  on  the  east  and  an  area  a  few  miles  wide  ex- 
tending up  the  valley  of  White  Kiver  as  far  as  Batesville,  is  included 
in  the  Mississippi  ^nbayment,  which  is  a  part  of  the  Gulf  Coastal 
Plain.  The  greater  part  of  the  Coastal  Plain  portion  lies  240  to 
250  feet  above  sea  level  and  is  a  part  of  the  subdivision  known  as 
the  Advance  lowland;  a  smaller  part  is  a  narrow,  more  or  less 
clearly  defined  terrace  bordering  the  Ozark  province  40  to  100  fe^ 
or  more  above  the  bottom  lands  of  Black  Biver;  this  is  the  north- 
em  extension  of  the  Grandglaise  terrace  of  Lonoke  County  (p. 
23).  White  River  flows  out  from  the  Ozark  province  into  the 
Advance  lowland  a  little  south  of  the  center  of  the  county.  Black 
River  forms  the  eastern  boimdary  of  the  coimty  from  the  northeast- 
em  comer  southward  to  Jacksonport,  where  it  joins  White  River. 

Only  that  part  of  the  coimty  included  in  the  Coastal  Plain  is 
treated  in  this  report;  here  lumbering  and  agriculture  are  the  chief 
industries. 

QEOIiOGY. 

The  Ozark  province  is  underlain  by  Paleozoic  limestones,  cherts, 
shales,  and  sandstones  of  Ordovician,  Mississippian,  and  Pennsyl- 
vanian  age.  The  contact  between  these  rocks  and  the  unconsoli- 
dated sedimentary  materials  composing  the  Coastal  Plain  is  marked 
by  an  abrupt  erosion  escarpment.  Along  the  line  of  this  escarpment 
the  upper  eroded  surface  of  the  older  rocks  passes  to  the  eastward 
at  a  steep  angle  beneath  the  younger  materials. 

The  oldest  post-Paleozoic  strata  outcropping  in  the  area  are  glauoo- 
nitic  sands  interbedded  with  laminated  clays  and  subordinate  lenses 
of  shell  marl  of  Upper  Cretaceous  age  and  are  probably  referable  to 
the  Nacatoch  sand ;  these  form  the  body  of  the  Grandglaise  terrace  in 
the  vicinity  of  Newark  and  northward  probably  to  and  beyond  the 

lunty  line.    Limestones  of  Eocene  age  belonging  to  the  Midway 
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formation  appear  in  the  Grandglaise  terrace  along  the  margin  of 
the  Ozark  province  in  the  extreme  southeast.  Undifferentiated 
Eocene  and  Cretaceous  strata  underlie  the  remainder  of  the  low- 
land area  beneath  an  estimated  thickness  of  100  to  150  feet  of  allu- 
vial deposits.  Little  is  known  about  these  buried  deposits,  but  they 
are  believed  to  consist  chiefly  of  sands,  clays,  and  perhaps  lime- 
stones, the  thickness  probably  not  exceeding  200  or  300  feet  within 
the  county.  They  rest  upon  the  eastward-sloping  surface  of  the 
buried  Paleozoic  rocks,  the  depth  to  which  probably  does  not  exceed 
400  feet. 

On  the  hills  along  the  eastern  margin  of  the  Ozark  province  and 
on  the  Grandglaise  terrace  are  scattered  deposits  of  gravel,  which 
probably  represent  the  Lafayette  formation  (Pliocene?). 

The  alluvial  deposits  which  cover  the  Eocene  and  Cretaceous  con- 
sist of  sands,  clays,  loams,  and  gravels.  In  the  flood  plains  of  the 
streams  the  alluvial  materials  immediately  underlying  the  surface  to 
an  undetermined  depth  are  of  Recent  age;  in  the  level  interstream 
areas  they  are  of  Pleistocene  age.  The  Pleistocene  alluvial  deposits 
are  irregularly  bedded,  but  in  general  grade  downward  from  light- 
colored,  compact,  silty  clays  at  the  surface  through  fine  sands  to 
coarse,  water-bearing  sands  and  gravels  at  the  base,  the  total  thick- 
ness, though  imdetermined,  probably  not  exceeding  150  feet.  They 
rest  upon  strata  of  Eocene  age. 

WATER  RESOURCES. 

GENERAL  coiTDrnoirs. 

The  statements  which  follow  apply  only  to  the  small  area  in  the 
east  included  in  the  Advance  lowland.  Here  the  domestic  water 
supplies  are  obtained  chiefly  from  wells  10  to  100  feet  deep.  Except 
in  the  narrow  terrace  along  the  western  margin  of  the  lowland, 
where  only  moderate  amounts  of  water  are  obtained  from  strata 
of  Eocene  and  Cretaceous  age,  the  wells  tap  the  abundantly  water- 
bearing sands  and  gravels  of  the  alluvial  deposits,  the  waters  of 
which  are  soft  to  moderately  hard.  The  undifferentiated  Eocene 
and  Cretaceous  deposits  which  underlie  the  alluvial  deposits  also 
contain  water-bearing  beds  which  may  be  tapped  by  wells  150  to 
400  feet  deep.  Flowing  wells  probably  can  not  be  obtained  within 
the  county. 

LOCAL  SXTPPLIES. 

The  town  of  Newark  (population  595,  census  of  1910)  is  on  the 

Grandglaise  terrace  bordering  the  Ozark  province  along  the  western 

margin  of  the  lowland.     Shale  of  Paleozoic  age  lies  30  to  40  feet 

beneath  the  surface.    The  beds  overlying  the  shale  consist  in  de- 
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tion  appear  in  the  Grandglaise  terrace  along  the  margin  of 
)zark  province  in  the  extreme  southeast.  Undifferentiated 
16  and  Cretaceous  strata  underlie  the  remainder  of  the  low- 
area  beneath  an  estimated  thickness  of  100  to  150  feet  of  allu- 
leposits.  Little  is  known  about  these  buried  deposits,  but  they 
relieved  to  consist  chiefly  of  sands,  clays,  and  perhaps  lime- 
s,  the  thickness  probably  not  exceeding  200  or  300  feet  within 
ounty.  They  rest  upon  the  eastward-sloping  surface  of  the 
•d  Paleozoic  rocks,  the  depth  to  which  probably  does  not  exceed 

eet. 

1  the  hills  along  the  eastern  margin  of  the  Ozark  province  and 

he  Grandglaise  terrace  are  scattered  deposits  of  gravel,  which 

>ably  represent  the  Lafayette  formation  (Pliocene?). 

lie  alluvial  deposits  which  cover  the  Eocene  and  Cretaceous  con- 

of  sands,  clays,  loams,  and  gravels.    In  the  flood  plains  of  the 

ims  the  alluvial  materials  immediately  imderlying  the  surface  to 

andetermined  depth  are  of  Recent  age;  in  the  level  interstream 

IS  they  are  of  Pleistocene  age.    The  Pleistocene  alluvial  deposits 

irregularly  bedded,  but  in  general  grade  downward  from  light- 

>red,  compact,  silty  clays  at  the  surface  through  fine  sands  to 

rse,  water-bearing  sands  and  gravels  at  the  base,  the  total  thick- 

s  though  undetermined,  probably  not  exceeding  150  feet.    They 

t  upon  strata  of  Eocene  age. 

WATER  RESOURCES. 

GENERAL  coirDrnoirs. 

The  statements  which  follow  apply  only  to  the  small  area  in  the 

st  included  in  the  Advance  lowhmd.     Here  the  domestic  water 

pplies  are  obtained  chiefly  from  wells  10  to  100  feet  deep.     Except 

the  narrow  terrace  along  the  western  margin  of  the  lowland, 

here  only  moderate  amounts  of  water  are  obtained  from  strata 

t  Eocene  and  Cretaceous  age,  the  wells  tup  the  abundantly  water- 

^firing  siinds  and  gravels  of  the  alluvial  deposits,  the  waters  of 
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scending  order  of  light  brown,  yellow,  and  red  loam  and  clay,  gray 
marl  containing  shells  and  shark  teeth,  and  coarse  basal  water- 
bearing sands  and  gravels  which  are  the  main  source  of  domestic 
water  supplies.  The  fossiliferous  marls  probably  belong  to  the 
Nacatoch  sand  of  the  Upper  Cretaceous. 
The  log  of  one  well  has  been  furnished  by  J.  W.  Sisk  as  follows: 

Log  of  icell  at  Newark,  Independence  County, 


Thick- 


Depth. 


[Pleistocene?]:  Ftei. 

Yellow  loam  (loess?) 8 

Black  loam  or  clay  (loess?) 8 

[Upper  Cretaceous  (Nacatoch  sand?)): 

Yellow  sand 1 

Black  mod 1 

Gray,  soft  limestone  or  marl  containing  mollusks  and  shark  teeth I  2 

Sand :  1 

Black  mud  containing  wood  and  leaves | 


Fed. 


i: 

IS 

2D 
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JACKSON  COUNTY. 
PHYSIOGRAPHY. 

Jackson  County  comprises  632  square  miles  in  the  northeast-central 
part  of  the  State,  between  Independence  County  on  the  west  and  Poin- 
sett County  on  the  east  Its  population  at  the  time  of  the  census  of 
1910  was  23,501.  Agriculture  is  the  chief  industry  and  includes  the 
raising  of  cereals,  fruits,  and  hay.  Two  cotton  compresses,  an  oil 
mill,  and  several  sawmills  and  mills  which  manufacture  wood  prod- 
ucts are  located  at  Newport.  Lumbering  is  also  an  important  in- 
dustry. 

A  relatively  small  area  in  the  southwestern  part  of  the  coimty  is 
included  in  the  Ozark  province,  a  rugged,  broken  area  lying  400  to 
600  feet  above  sea  level.  The  remainder  of  the  county  is  included  in 
the  Advance  lowland  and  Grandglaise  terrace  of  the  Mississippi 
embayment  which  is  a  part  of  the  Gulf  Coastal  Plain.  The  Grand- 
glaise terrace  is  a  narrow  ridge  or  dissected  terrace  bordering  the 
Ozark  pro^nnce  just  west  of  the  St.  Louis,  Iron  Mountain  &  South- 
ern Railway,  the  crest  of  which  is  approximately  300  feet  above  sea 
level.  The  Advance  lowland  is  a  plain  lying  200  to  260  feet  above 
sea  level  and  sloping  slightly  to  the  southward.  In  the  interstream 
areas  the  surface  is  gently  undulating  and  partly  timbered  and 
the  soil  and  subsoil  are  loam  or  silty  clay.  The  broad  flood  plains 
of  the  streams  are  a  few  feet  lower  than  the  interstream  areas,  are  in 
part  swampy,  and  are  traversed  by  numerous  bayous.  Between  the 
swamps  and  bayous  are  fertile  heavily  timbered  ridges  of  sand  or 
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sandy  loam,  some  rising  a  few  feet  higher  than  the  general  level  of 
the  lowlancL 

Black  Kiver  forms  the  western  boundary  from  the  northwestern 
comer  of  the  county  to  Jacksonport,  where  it  joins  White  River — a 
stream  which  flows  in  a  general  southerly  direction  from  Jacksonport 
to  the  southern  boundary  of  the  county.  Cache  River  enters  the 
county  on  the  east  and  flows  a  little  west  of  south  to  the  southern 
boundary. 

GEOLOGY. 

In  the  Ozark  province  in  the  southwestern  part  of  the  county  the 
surface  is  immediately  underlain  by  Paleozoic  rocks  of  Pennsylvanian 
age.  Along  their  eastern  border  the  Paleozoic  rocks  are  separated 
from  the  materials  of  the  Coastal  Plain  by  an  abrupt  erosion  escarp- 
ment along  which  their  eroded  surface  passes  beneath  the  deposits  of 
the  Coastal  Plain  and  extends  to  the  eastward  to  increasing  depths, 
forming  the  basement  upon  which  the  latter  rest;  these  basement 
rocks  were  encountered  in  a  well  at  Newport  at  a  depth  of  655  feet. 
(See  section,  p.  197.) 

Pebbly  fossiliferous  limestones  interbedded  with  gray  to  yellowish 
sands  belonging  to  the  Midway  formation  (Eocene)  outcrop  in  the 
basal  20  or  25  feet  of  the  east-facing  escarpment  of  the  Grandglaise 
terrace.  The  Midway  is  overlain  by  reddish,  pebbly  sands,  probably 
of  the  same  age  as  the  similar  sands  (Lafayette  formation)  overlying 
the  Eocene  strata  of  Crowleys  Ridge ;  the  red  sands  are  overlain  by 
dark  and  light,  more  or  less  sandy  loams  resembling  certain  facies 
of  the  loess  of  Crowleys  Ridge  and  probably  of  the  same  age  (middle 
Pleistocene).  Scattered  patches  of  gravel  on  the  Paleozoic  hills  west 
of  the  Grandglaise  terrace  probably  also  represent  the  Lafayette 
formation.  The  Midway  formation  is  separated  from  the  alluvial 
deposits  of  the  Advance  lowland  to  the  east  by  an  abrupt  erosion 
escarpment.  Ek)cene  and  Cretaceous  strata  are  believed  to  imderlie 
the  Advance  lowland  beneath  100  to  150  feet  of  alluvial  deposits  of 
Quaternary  age;  they  probably  consist  mainly  of  sands  and  clays,  in 
part  water-bearing,  and  rest  upon  the  Paleozoic  basement  rocks.  At 
Newport  the  basement  rocks  were  struck  in  a  well  at  a  depth  of  655 
feet  and  their  upper  surface  probably  inclines  to  greater  depths  to  the 
eastward. 

The  alluvial  deposits  which  immediately  underlie  the  Advance  low- 
land to  estimated  depths  of  100  to  150  feet  consist  of  loams,  clays, 
sands,  and  gravels  of  Pleistocene  and  Recent  age.  The  Pleistocene 
deposits,  which  outcrop  in  the  nearly  level  interstream  areas,  are 
irregularly  bedded,  but  in  general  grade  downward  from  fine  compact 
loams  or  silty  clays  at  the  surface  through  fine  sands  to  coarse  water- 
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bearing  sands  and  graTels  at  the  base.  ParaDeling  the  streams  are 
numerous  ridges  of  sand  and  sandy  loam  which  rise  above  higfa-water 
level  of  the  present  streams  and  are  probably  of  Pleistocene  age. 
The  flood  plains  of  the  streams  are  underlain  to  undetermined  deptiis 
by  Beoent  alluvial  sands,  days,  and  loams. 

WATER  RESOUSCX8. 

ezMKKAL  ooMnmova. 

Wells  10  to  100  feet  deep  furnish  the  principal  domestic  wat^ 
supplies  in  the  Advance  lowland,  which  includes  the  greater  part  of 
the  county.  The  wells  tap  the  abundantly  water-bearing  sands  and 
gravels  of  the  alluvial  deposits,  the  water  standing  within  10  to  30 
feet  of  the  surface.  As  reported  by  the  well  owners  some  of  the  well 
waters  are  soft,  some  are  hard,  and  some  are  ferruginous;  with  per- 
haps a  few  exceptions  they  are  potable  and  are  suitable  for  domestic 
and  industrial  purposes.  The  undifferentiated  Tertiary  and  Creta- 
ceous strata  which  underlie  the  alluvial  deposits  oxitain  water-bearing 
beds  and  ccmstitute  an  important  undeveloped  source  of  artesian 
water.  Flowing  wells  probably  can  not  be  obtained  in  the  Advance 
lowland  in  this  county.  Small  springs  are  numerous  in  the  Grand- 
glaise  terrace  and  in  the  Ozark  province  in  the  southwestern  part 
of  the  county. 

TiOCAL  SUPPUEa. 

The  waterworks  plant  of  Newport  (population  3,557,  ceosas  of 
1910)  is  owned  by  the  Newport  Water,  Light  &  Power  Co.,  concern- 
ing which  information  has  been  furnished  by  S.  Blackburn.  Water 
from  White  River  is  filtered  by  means  of  a  Roberts  pressure  filter 
having  a  daily  capacity  of  500,000  gallons  and  is  distributed  to  the 
consumers  from  a  standpipe  having  a  capacity  of  70,000  gallons. 
The  direct  pressure  is  about  45  pounds  per  square  inch,  and  the 
maximum  pressure  from  the  pumps  for  fire  protection  is  135  pounds 
per  square  inch.  The  total  length  of  the  distributing  mains  is  6 
miles,  and  the  daily  consumption  is  approximately  30,000  gallons 
for  domestic  use  and  50,000  gallons  for  manufacturing. 

The  Newport  Ice  Co.  owns  a  well  100  feet  deep  and  6  inches  in 
diameter,  completed  in  1898.  Mr.  E.  J.  Hugully,  the  informant, 
states  that  a  6-inch  casing  extends  to  a  depth  of  85  feet,  and  the  water, 
which  comes  from  gravel  penetrated  in  the  bottom  of  the  well,  stands 
within  12  feet  of  the  surface.  The  water  is  soft  and  is  used  for  the 
manufacture  of  ice.  The  cost  of  the  well  and  a  pump  operated  b; 
steam  was  $500. 
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In  1900  (?)  an  oil-prospecting  well  was  drilled  1  mile  southwest  of 
Newport  (sec.  10,  T.  11  N.,  R.  3  W.)  to  a  depth  of  1,000  feet.  The  fol- 
lowing log  has  been  published  by  Purdue  :* 


Log  of  oil-prospecting  well  1  mile  southwest  of  Newport, 

Thick- 
ness. 

Depth. 

rhy  and  Wnd. . .,,.,,., , , , . ,  , .    .      - 

Feet. 

30 
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50 

600 

346 
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30 

8aii!7T,^^:::::::::. ...::..:.:.::::...::..:::...:...:.:.::..:.::::::.::::.:. ::::::.. 
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*^8gamtone" 

155 

Qntefeiiiul 

655 

Rock  ofdifformtkindft,  ending  in  flint 

1.000 

Purdue  says : 

The  105  feet  of  clay  and  sand  at  the  top  are  of  Recent  [and  Pleistocene]  age ; 
the  rocks  from  the  base  of  the  quicksand  downward  are  supposedly  Paleozoic. 
The  550  feet  between  the  Recent  and  the  Paleozoic  may  all  be  Cretaceous, 
though  it  Is  possible  that  the  upper  50  feet,  reported  as  "  soapstone/'  is  Tertiary. 

JEFFEBSON  COUNTY". 

PHYSIOGRAPHY. 

Jefferson  County  comprises  903  square  miles  in  the  southeast- 
central  part  of  the  State,  west  of  Arkansas  County.  Its  population 
at  the  time  of  the  census  of  1910  was  52,734.  Only  that  part  of  the 
county  lying  north  and  east  of  Arkansas  River  is-  in  the  area  covered 
by  this  report.  The  chief  industry  is  agriculture  and  the  leading 
crop  is  cotton,  although  cereals  are  grown  to  an  important  extent. 
The  rice-growing  industry  has  been  introduced  in  recent  years,  and  in 
certain  places  in  the  northeast  is  rapidly  growing  in  importance. 

The  county  is  included  within  two  well-defined  topographic  divi- 
sions of  the  Gulf  Coastal  Plain.  In  the  west  an  area  varying  in 
width  from  3  miles  in  the  north  to  16  miles  in  the  south  forms  part 
of  an  upland  which  is  extensively  developed  in  the  interstream  areas 
of  southwestern  Arkansas;  within  this  county  the  upland  lies  300 
to  350  feet  above  sea  level.  The  remainder  of  the  county  is  included 
within  the  Advance  lowland,  the  general  surface  of  which  is  a  plain 
190  to  235  feet  above  sea  level  sloping  slightly  to  the  south.  Arkansas 
River  traverses  the  lowland  from  northwest  to  southeast  and  forms 
the  southwestern  boundary  of  the  area  here  treated.  Nearly  all  the 
land  northeast  of  the  river  is  included  within  the  gently  undulating 
flood  plain  of  Arkansas  River,  is  in  part  swampy,  and  is  traversed  by 
numerous  bayous  and  abandoned  stream  channels.  The  soil  is  fer- 
tile and,  except  where  cleared  for  cultivation,  is  heavily  timbered; 

»  Purdue,  A.  H.,  U.  S.  Geol.  Survey  WaterSupply  Paper  145.  pp.  96.  97. 1905. 


Digitized  by  VjOOQIC 


198     GEOLOGY  AND  GBOU29D  WATERS,  KOBTHEASTEBK  ARKANSAS. 

the  areas  above  high- water  level  and  the  areas  protected  from  ovov 
flow  by  levees  produce  large  crops,  particularly  of  cotton. 

GEOLOGY. 

Strata  of  Eocene  age,  referable  chiefly  to  the  Jackson  formation, 
outcrop  in  the  upland  area  in  the  western  part  of  the  county;  un- 
differentiated Eocene  deposits  underlie  the  remainder  of  the  county 
beneath  125  feet  or  more  of  Quaternary  alluvium.  Although  nothing 
definite  is  known  concerning  the  Eocene  deposits  beneath  the  allu- 
vium, they  are  believed  to  consist  of  500  feet  or  more  of  sands,  clays, 
and  marls,  in  part  water  bearing.  The  Eocene  deposits  are  probably 
underlain  by  similar  deposits  of  Cretaceous  age,  which  doubtless  also 
contain  water-bearing  beds.  The  Cretaceous  strata  are  believed  to 
rest  on  a  deeply  buried  basement  of  Paleozoic  rocks.  The  alluvial 
deposits  in  the  Advance  lowland  northeast  of  Arkansas  River  have 
an  estimated  thickness  of  125  to  150  feet  and  consist  of  alluvial 
loams,  clays,  sands,  and  gravels.  The  surface  materials  are  probably 
for  the  most  part  of  Recent  age,  but  some  of  the  higher  interstream 
areas  may  be  of  Pleistocene  age.  The  thickness  of  the  Recent  de- 
posits has  not  been  determined,  but  it  is  probable  that  Pleistocene 
deposits  underlie  them  and  intervene  between  them  and  the  Eocene 
deposits.  The  sands  and  gravels  of  the  alluvial  deposits  are  abun- 
dantly water  bearing. 

WATER  RESOURCES. 

Domestic  supplies. — ^In  the  area  northeast  of  Arkansas  River  water 
for  domestic  use  is  obtained  chiefly  from  wells  15  to  125  feet  deep, 
which  tap  the  abundantly  water-bearing  sands  and  gravels  of  the 
alluvial  deposits;  the  waters  stand  in  the  wells  5  to  20  feet  below 
the  surface.  According  to  the  reports  received  from  well  owners, 
most  of  the  waters  are  hard,  but  some  are  soft,  and  a  few  are  ferrugi- 
nous. The  undifferentiated  Eocene  and  Cretaceous  deposits  which 
intervene  between  the  alluvial  deposits  and  the  deeply  buried 
Paleozoic  basement  rocks  also  contain  important  water-bearing  beds, 
the  waters  of  which  are  under  sufficient  hydrostatic  pressure  to  bring 
them  nearly  to  the  surface,  and  in  wells  1,000  feet  or  more  deep  per- 
haps above  the  surface.  At  Lake  Dick  wells  have  been  drilled  as 
deep  as  350  feet  and  at  Langf ord  as  deep  as  274  feet. 

In  the  part  of  the  county  southwest  of  Arkansas  River  wells  50 
to  100  feet  in  depth  are  common,  and  the  deep  wells  listed  in  the 
table  on  page  200  (Nos.  4-11)  have  been  drilled  at  and  near  Pine 
Bluff  and  at  Redfield. 

Wells  for  irrigation. — Wells  for  irrigating  rice  lands  have  been 
drilled  in  the  vicinity  of  McGrew,  New  Gascony,  and  Wabbaseka, 
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detailed  information  concerning  seven  of  which  is  given  on  page  200. 
The  wells  are  35  to  125  feet  deep  and  yield  390  to  2,000  gallons  of 
water  a  minute.  The  cost  of  sinking  the  wells  and  erecting  pumping 
plants  ranges  from  $450  to  $1,550  per  well,  the  average  cost  of  pro- 
duction based  on  five  wells  being  $600  for  each  1,000  gallons  of  yield 
per  minute,  or  at  the  rate  of  60  cents  for  each  gallon  of  yield  a 
minute.  Incomplete  analyses  of  samples  of  water  from  two  irriga- 
tion wells  near  Wabbaseka  are  given  in  the  table  opposite  page  302 
(Xos.  23  and  24). 

The  following  is  the  log  of  an  irrigation  well  owned  by  John 
Ingram,  sr.,  5  miles  east  of  Wabbaseka  (No.  15,  p.  200) : 

Log  of  well  of  John  Ingram^  sr,,  5  miles  east  of  Wabbaseka, 


Thick- 


Depth. 


Qutcrmry  aUavimn: 

Notraported 

Argfllaceoas  sand  and  gravel,  water  bearing 

Sand. 

Red  sand  grading  into  white  sand  below,  bearing  a  dark-colored  water. 

Coane  sand,  water  bearing 

QnTel,  water  bearing 

Sand,  water  bearing 
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JaAwbjsbce  coxnnnr. 

PHTSIOGRAPHT. 

Lawrence  County  lies  west  of  Green  and  Crai^ead  counties,  on 
the  border  between  the  Ozark  prorince  and  the  Gulf  Coastal  Plain. 
Its  area  is  592  squire  miles,  and  its  population  was  given  bj  the 
census  of  1910  as  20.001.  The  western  part  of  the  county,  embracing 
a  little  less  than  half  of  the  total  area,  forms  a  part  of  the  Ozark 
province,  a  rugged,  dissected  area  400  feet  or  more  above  sea  level ;  the 
remainder  of  the  county  is  included  in  the  Mississippi  embayment, 
which  is  a  part  of  the  Gulf  Coastal  Plain,  and  only  this  part  is  here 
considered.  In  this  section  agriculture  is  the  chief  industry,  and 
includes  the  raising  of  cotton,  the  common  cereals,  rice,  hay,  and 
vegetables. 

Alcmg  the  western  margin  of  the  Coastal  Plain,  in  the  southern 
part  of  the  county,  is  a  narrow  terrace  lying  330  or  340  feet  above 
sea  level  and  70  to  100  feet  above  the  level  of  the  lowland  to  the  «ist 
which  is  the  northward  extension  of  the  Grandglaise  terrace  of  Inde 
pendence  and  Jackson  counties. 

The  remainder  of  the  county  to  the  east  is  included  in  the  Advance 
lowland,  a  nearly  level  or  gently  rolling  plain  lying  260  to  280  feet 
above  sea  level  and  sloping  slightly  to  the  south.  The  interstream 
areas  of  this  lowland  are  white  clay  flats,  poorly  drained  and  partly 
wooded.  The  flood  plains  bordering  the  streams  are  3  to  6  miles 
wide  and  present  networks  of  bayous,  abandoned  channels,  and 
swamps,  separated  by  higher,  rolling,  partly  forested  tracts  of  sand 
and  sandy  loam.  Black  River  flows  across  the  Advance  lowland 
from  north  of  Black  Rock  a  little  west  of  south  to  the  southern 
boundary,  where  it  is  joined  by  Strawberry  River,  which  flows  in 
from  the  northwest.    Cache  River  forms  the  eastern  boundary. 

GEOLOGY. 

The  Ozark  province  in  the  western  part  of  the  county  is  underlain 
by  Paleozoic  rocks  of  Mississippian  and  pre-Carboniferous  age;  the 
contact  between  these  rocks  and  the  deposits  of  the  Gulf  Coastal  Plain 
is  a  steep,  eastward-facing  erosion  escarpment  against  which  the 
younger  deposits  rest ;  the  older  rocks  extend  eastward  beneath  the 
younger  deposits,  reaching  greater  depths  in  that  direction;  they 
form  the  basement  upon  which  the  deposits  of  the  Coastal  Plain  rest 

The  Grandglaise  terrace,  which  extends  from  Independence  County 
a  short  distance  into  Lawrence  County,  is  composed  chiefly  of  strati- 
fied sands  and  clays  probably  belonging  to  the  Nacatoch  sand  of  the 
Upper  Cretaceous.    These  beds,  however,  are  capped  by  3  to  10  feet 


Digitized  by  VjOOQIC 


LAWRENCE  COUNTY.  203 

of  pebbly  sands  and  loams,  probably  corresponding  in  part  to  the 
Lafayette  formation  (Pliocene?)  and  in  part  to  the  loess  of  Crowleys 
Ridge.  On  the  crest  of  the  hills  immediately  west  of  the  Grand- 
glaise  area  are  scattered  patches  of  gravel  deposits,  probably  also 
representing  the  Lafayette  formation. 

Beneath  150  to  180  feet  of  alluvial  deposits  the  Advance  lowland 
is  underlain  in  descending  order  by  undifferentiated  strata  of  Eocene 
and  Cretaceous  age,  which  at  an  undetermined  depth  rest  on  a  base- 
ment of  Paleozoic  rocks ;  the  Eocene  and  Cretaceous  deposits  contain 
water-bearing  beds.  The  alluvial  deposits  which  inmiediately  under- 
lie the  Advance  lowland  consist  of  loams,  clays,  sands,  and  gravels 
of  Pleistocene  and  Recent  age.  The  Pleistocene  deposits  which  out- 
crop in  the  interstream  areas,  though  irregularly  bedded,  in  general 
grade  downward  from  light-gray  silty  clays  or  loams  at  the  surface 
through  fine  sands  to  coarse,  water-bearing  sands  and  gravels  at  the 
base.  At  many  places,  however,  low  ridges  of  sand  or  sandy  loam 
rise  above  the  level  of  the  white  clay  flats  and  are  probably  of 
Pleistocene  age.  The  flood  plains  of  the  streams  are  underlain  to  an 
undetermined  depth  by  Recent  alluvial  sands,  clays,  and  loams,  which 
probably  rest  upon  the  Pleistocene  alluvium. 

WATER  RESOURCES. 
OEHEBAL  OOKDITIOHa 

In  the  Advance  lowland  water  for  domestic  and  industrial  purposes 
is  obtained  chiefly  from  wells,  15  to  100  feet  deep,  which  tap  the 
abundantly  water-bearing  sands  and  gravels  of  the  alluvial  deposits, 
though  a  few  wells  have  been  sunk  to  greater  depths.  According  to 
the  reports  of  well  owners  many  of  the  waters  are  moderately  hard, 
but  some  are  soft  and  a  few  are  ferruginous.  The  waters  stand  in  the 
wells  within  5  to  20  feet  of  the  surface. 

The  strata  beneath  the  alluvial  deposits,  which  (in  descending 
order)  are  believed  to  be  of  Eocene  and  Cretaceous  age  and  which  rest 
upon  a  basement  of  Paleozoic  rocks,  probably  contain  important 
water-bearing  beds  that  would  be  tapped  by  wells  ranging  in  depth 
from  200  feet  to  an  estimated  maximum  depth  of  600  or  700  feet.  The 
upper  surface  of  the  basement  Paleozoic  rocks  lies  at  its  greatest  depth 
in  the  extreme  eastern  part  of  the  county.  Flowing  wells  probably 
can  not  be  obtained  from  the  deposits  of  the  Coastal  Plain  within  the 
limits  of  the  county. 

A  few  small  springs  issuing  from  the  Eocene  deposits  which  out- 
crop along  the  western  border  of  the  Advance  lowland  are  used  to  a 
small  extent  for  domestic  supplies. 
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LOOAL  8VPPLZS8. 

Walnut  Ridge, — ^At  Walnut'Ridge  (population  1,798,  census  of 
1910)  water  for  domestic  and  industrial  uses  is  obtained  chiefly  from 
wells  30  to  100  feet  deep.  The  general  character  of  the  strata  nnd^- 
lying  the  town  and  the  surrounding  country  may  be  understood  by 
referring  to  the  logs  of  two  wells  used  for  irrigation  (p.  205). 

Alicia. — ^At  Alicia  (population  168,  census  of  1910)  the  St  Lords, 
Iron  Mountain  &  Southern  Railway  obtains  water  for  the  boiler 
supply  of  locomotives  from  a  well  77  feet  deep  (No.  1,  p.  206),  a  1(^ 
of  which  is  given  as  follows: 

Log  of  weU  of  the  8t,  Louis,  Iron  Mountain  d  Southern  RaUtoay  at  Alida, 


Thick- 
ness. 


Depth. 


Pleistocene  aUuviiim: 

Tough  day 

YeUow  quiclcsand 

Sand  ana  sravel,  water  bearing . 


FeeL 


8 


BlacJc  Rock.—-'R\2iQk  Rock  (population  1,078,  census  of  1910)  is  on 
the  border  between  the  Ozark  province  and  the  Gulf  Coastal  Pliin. 
Many  of  the  wells  in  the  vicinity  pass  through  a  thin  covering  of 
deposits  of  the  Coastal  Plain  and  enter  the  underlying  Paleozoic 
rocks,  but  some  obtain  water  from  sands  and  gravels  at  the  base  of  the 
deposits  of  the  Coastal  Plain.  A  well  of  the  latter  kind  is  owned  by 
Clay  Sloan,  who  has  furnished  the  following  log: 

Log  of  well  of  Clay  Sloan,  1  mile  west  of  Black  Rock, 


Thick- 


Dfptb. 


Clay 

AiKlllaoeotis  sand  and  gravel. 


Fed, 


Lynn, — Lynn  is  also  on  the  border  between  the  Ozark  province 
and  the  Gulf  Coastal  Plain ;  the  Paleozoic  rocks  are  overlain  by  20  to 
60  feet  of  clays,  sands,  and  gravels  of  post-Paleozoic  age;  many  of 
the  wells  tap  tiie  sands  and  gravels  which  are  water  bearing.  The  log 
of  a  well  owned  by  O.  F.  Rider,  which  entered  the  Paleozoic  rocks  at 
a  depth  of  46  feet,  is  as  follows : 
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Log  0/  well  of  O.  F,  Rider,  1  mile  west  of  Lynn, 


205 


Thick- 


Depth. 


Tertiary: 

UnconaoUdated  materiak,  character  not  reported . 
Faleocoic: 

LimestODe , 


Feet. 
4« 


277 


Feet. 


46 
323 


Wells  for  irrigation. — In  the  Advance  lowland  the  soil,  topography, 
•uid  water  supply  afford  favorable  conditions  for  the  rapid  growth  of 
the  rice-growing  industry,  and  water  for  irrigating  rice  lands  is  ob- 
tained from  wells  tapping  the  water-bearing  sands  and  gravels  of  the 
alluvial  deposits  and  yielding  800  to  2,500  gallons  a  minute.  De- 
tailed information  concerning  two  irrigation  wells  near  Walnut 
Kidge  is  given  in  the  table  on  page  206  ^Nos.  6  and  7),  and  the  logs 
are  as  follows: 

Log  of  well  of  B.  C.  Dowell,  i  ^nile  northeast  of  Walnut  Ridge. 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

6 

6 

15 

21 

15 

36 

10 

46 

19 

65 

112 

177 

Sofl  and  Pleistocene  aUuvhun: 

Gray  gumbo  soil 

Clay 

Fine  sand 

Clay 

Coarse  sand  and  fine  gravel 
Coarse  gravel,  water 


Log  of  well  of  Robinson  d  Comett,  ii  miles  southeast  of  Walnut  Ridge. 


Thick- 


Depth. 


Pleistocene  aDuvium: 

Clay 

Hardpan 

Sand,  quicksand ,  and  fine  gravel 
Coarse  gravel,  water  bearing 


Feet. 
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liSE  COX7HT7* 
FHTSIOGRAPHT. 

Lee  Coonty,  in  the  eastern  part  of  the  State  adjacent  to  the  north- 
western part  of  the  State  of  Mississippi,  has  an  area  of  601  square 
miles  and  a  population,  according  to  the  census  of  1910,  of  24^52. 
Agriculture,  which  includes  the  raising  of  cotton,  cereals,  and  in 
lesser  quantities  potatoes,  tobacco,  and  sorghum,  is  one  of  the  prin- 
cipal industries;  rice  growing  has  been  introduced  in  the  county  and 
in  the  area  west  of  Crowleys  Bidge  will  probably  become  important. 
Lumbering  is  another  important  industry.  At  Marianna,  the  county 
seat,  there  are  several  large  lumber  mills,  a  spoke  factory,  a  brick- 
making  plant,  and  a  large  cottonseed-oil  milL 

The  county  is  in  the  Mississippi  embayment  of  the  Gulf  Coastal 
Plain  and  is  topographically  subdivisible  into  three  parts,  as  follows: 
Crowleys  Kidge,  the  Advance  lowland,  and  the  ^lississippi  lowland. 

Crowleys  Kidge,  which  trends  north  and  south  a  little  east  of  the 
center  of  the  county,  is  interrupted  by  a  gap  6  to  8  miles  wide 
through  which  LWnguille  Biver  flows  from  northwest  to  southeast. 
Only  the  southern  nose  of  the  part  of  the  ridge  north  of  the  gap 
appears  in  this  county.    The  part  of  the  ridge  south  of  the  gap  is  a 
hilly,  partly  wooded  area,  3  to  5  miles  wide,  extending  from  the 
southern  boundary  northward  to  Marianna,  a  distance  of  6  miles;  the 
maximum  elevation  of  the  ridge  has  not  been  exactly  determined, 
but  is  probably  between  325  and  375  feet  above  sea  level,  or  125  to 
150  feet  above  the  lowlands  to  the  east  and  west;  the  eastward- 
facing  slope  of  the  ridge  is  steeper  than  the  westward-facing  slope, 
though  both  are  sharply  defined.     The  Advance  lowland,  which 
includes  the  part  of  the  county  west  of  Crowleys  Ridge,  is  in  general 
a  plain  200  to  230  feet  above  sea  level.    The  interstream  areas  are 
gently  undulating,  being  in  part  wooded  and  in  part  open,  grass- 
covered  prairies.    The  broad,  slightly  depressed  flood  plains  of  the 
streams  are  heavily  timbered  and  are  interspersed  with  swamps, 
shallow  lakes,  and  bayous.     The  Mississippi  lowland  includes  the 
part  of  the  county  east  of  Crowleys  Ridge,  a  poorly  drained,  heavily 
timbered  plain  lying  200  to  220  feet  above  sea  level ;  swamps,  bayous, 
and  abandoned  stream  channels  are  numerous. 

Mississippi  River  forms  the  eastern  boundary  of  the  county;  St 
Francis  River  flows  from  north  to  south,  east  of  Crowleys  Ridge, 
and  joins  the  Mississippi  just  south  of  the  southern  boundary  in 
Phillips  Coimty.  L'Anguille  River  enters  the  coimty  west  of  Crow- 
leys Ridge,  flows  from  northwest  to  southeast  through  a  gap  in  the 
ridge  and  joins  St.  Francis  River.  The  western  part  of  the  county 
is  drained  by  Big  Creek,  a  tributary  of  White  River, 
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I  GEOLOGY. 

I      Crowleys  Bidge,  to  a  height  of  50  to  80  feet  or  more  above  its  base, 
'   is  composed  of  irregularly  bedded  sands  and  clays,  in  part  lignitic, 
!   belonging  to  the  Jackson  formation  of  the  Eocene.    Eocene  deposits 
'   representing  the  Jackson  formation,  and  in  descending  order  several 
i  formations  older  than  the  Jackson,  underlie  Crowleys  Ridge  to  an 
estimated  depth  of  1,200  feet  or  more;  they  are  underlain  by  deposits 
of  Cretaceous  age,  which  at  an  estimated  depth  of  3,000  feet  or  more 
rest  upon  a  basement  of  rocks  believed  to  be  of  Paleozoic  age.    The 
Eocene  and  Cretaceous  deposits  underlie  the  remainder  of  the  county 
breath  125  to  200  feet  of  alluv;^al  deposits  and  contain  important 
water-bearing  beds.    In  Crowleys  Bidge  the  Eocene  strata  are  over- 
lain unconformably  by  10  feet  or  more  of  coarse  sands  and  gravels 
belonging  to  the  Lafayette  formation  (Pliocene?),  above  which  are 
50  to  100  feet  of  calcareous  loess  forming  the  capping^  material  of 
the  ridge.    In  places  the  loess  contains  numerous  fossil  remains  of 
land  shells. 

The  Advance  lowland  west  of  Crowleys  Bidge  is  underlain  to  a 
depth  of  125  to  200  feet  by  loams,  clays,  sands,  and  gravels  of 
Pleistocene  and  Eecent  age.  The  Pleistocene  deposits  rest  uncon- 
formably upon  Eocene  strata  throughout  the  area,  and  outcrop  in 
the  interstream  areas;  although  irregularly  bedded,  in  general  they 
grade  downward  from  silty  clays,  loams,  or  fine  sands  at  the  surface 
through  fine  sands  to  coarse,  water-bearing  sands  and  gravels  at 
the  base.  In  the  flood  plains  of  the  streams  the  Pleistocene  deposits 
are  overlain  by  an  undetermined  thickness  of  alluvial  loams,  clays, 
sands,  and  gravel.  The  Mississippi  lowland  east  of  Crowleys  Bidge 
is  underlain  to  an  estimated  depth  of  150  to  225  feet  by  Quaternary 
alluvial  loams,  clays,  sands,  and  gravels.  Here  the  surface  materials 
are  probably  of  Becent  age,  but  Pleistocene  alluvium  may  intervene 
between  the  Becent  and  the  underlying  Eocene  deposits.  The  coarser 
phases  of  the  alluvimn  contain  water  in  great  quantities. 

WATER   RESOURCES. 
OEVEBAL  OOKDinOHS. 

Domestic  water  supplies  are  obtained  chiefly  from  wells  25  to  150 
feet  deep.  In  the  lowlands  they  tap  the  abundantly  water-bearing 
sands  and  gravels  of  the  Quaternary  alluvium,  the  waters  of  which 
stand  in  the  wells  10  to  50  feet  below  the  surface.  In  Crowleys 
Ridge  the  source  is  either  the  sands  and  gravels  of  the  Lafayette 
formation  (Pliocene?)  or  the  sands  of  the  underlying  Jackson  for- 
mation (Eocene)  the  waters  of  which  will  rise  to  within  30  to  140 
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feet  of  the  surface,  depending  apon  the  depth  and  the  eleva- 
tion of  the  mouth  of  the  well.  In  the  lowlands  the  hydro- 
static pressure  of  the  deeply  buried  Eocene  and  Cretaceous  wa- 
ters is  sufficient  to  bring  them  within  less  than  100  feet  of 
the  surface,  and  in  the  Mississippi  lowland  wells  1,000  feet 
or  more  in  depth  will  probably  flow.  As  reported  by  the  well  own- 
ers, some  of  the  well  waters  are  soft,  some  are  hard,  and  some  are 
ferruginous;  in  general  they  are  suitable  for  all  ordinary  domestic 
and  industrial  uses.  Small  springs  are  fairly  common  in  Crowleys 
Ridge,  particularly  at  the  foot  of  the  steep,  east-facing  slopes,  and 
are  utilized  to  a  small  extent  for  domestic  and  farm  supplies. 

LOCAL  8T7FPLZE8. 

Marianna. — Marianna  (population  4,810,  census  of  1910),  the 
county  seat,  owns  a  municipal  water-supply  system,  informatioii 
concerning  which  has  been  furnished  by  the  mayor,  T.  E,  Wood- 
Water  is  obtained  from  two  6-inch  wells  619  feet  deep  (Nos.  3 
and  4,  p.  212) ;  the  water  rises  within  60  feet  of  the  surface  and  is 
forced  to  a  small  reservoir  by  means  of  two  air  compressors  having 
a  combined  capacity  of  1,000  gallons  a  minute,  whence  it  is  pumped 
to  an  elevated  tank  having  a  capacity  of  70,000  gallons,  from  which 
it  is  distributed  through  5  miles  of  mains.  The  tank  pressure  is  60 
pounds  per  square  inch  and  the  direct  pressure  from  the  pumps  for 
fire  protection  is  150  poimds  per  square  inch.  The  daily  consump- 
tion is  235,000  gallons  for  domestic  use  and  15,000  gallons  for  manu- 
facturing.   The  water  is  soft. 

A  well,  125  feet  deep  and  3  inches  in  diameter,  is  owned  by  the 
Marianna  Light  &  Power  Co.  (No.  5,  p.  212),  the  log  of  which  is  as 
follows: 

Log  of  well  of  Marianna  Light  d  Power  Co,,  Marianna. 
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La^rtmge. — ^A  well  owned  by  the  Kennedy  Heading  Co.,  4  miles 
east  of  Lagrange,  is  176  feet  deep  (No.  1,  p.  212) ;  the  log  is  as  follows: 

Log  of  icett  of  Kennedy  Heading  Co.,  i  miles  east  of  Lagrange. 
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The  following  is  the  log  of  a  273-foot  well  about  5  miles  east  of 
Lagrange  owned  by  J.  O.  Hale,  of  Marianna  (well  No.  2,  p.  212) : 

Log  of  ioeU  of  J,  O.  Hale,  about  5  miles  east  of  Lagrange. 
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Wells  for  irrigation. — ^Rice  has  been  suc(5essfully  grown  on  the 
prairies  in  the  western  part  of  the  (X)unty.  Detailed  information 
concerning  several  wells  in  the  vicinity  of  Moro,  used  for  irrigating 
rice  lands,  is  given  on  pages  212-213  (wells  Nos.  7-11).  The  wells 
range  in  depth  from  145  to  195  feet  and  yield  from  2,000  to  3,500 
gallons  a  minute.  The  water  is  obtained  from  the  Pleistocene  allu- 
vial sands  and  gravels  underlying  the  Advance  lowland.  The  log  of 
S.  D.  Johnston's  irrigation  well  is  as  follows: 

Log  of  well  of  8.  D,  Johnston,  2^  miles  northwest  of  Moro. 

(No.  10,  p.  213.) 
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LONOKE  COXTKTY. 
PHYSIOGRAPHY. 

Lonoke  County,  in  the  east-central  part  of  tiie  State,  comprises  an 
area  of  794  square  miles  and  has  a  population  (census  of  1910)  of 
27,983.  Agriculture,  lumbering,  and  stock  raising  are  the  chief  in- 
dustries. The  first  ccmmiercial  crop  of  rice  produced  in  the  State 
was  raised  near  Lcmoke,  the  county  seat,  in  1904,  since  which  time  the 
industry  has  rapidly  grown. 

A  few  square  miles  in  the  northwestern  part  of  the  coimty,  included 
in  the  Ozark  province,  is  hilly,  the  tops  of  the  hills  and  ridges  lying 
400  to  600  feet  above  sea  level.  The  remainder  of  the  county  is  in- 
cluded in  the  Gulf  Coastal  Plain,  which  is  here  separable  into  Chin- 
quapin Bidge  and  the  Advance  lowland. 

Chinquapin  Ridge,  or  the  "  sandhills  "  lying  just  east  of  the  Ozark 
province  and  east  of  Austin  and  Cabot,  is  a  sandy  ridge  having  a 
maximum  width  of  several  miles,  a  north-south  extent  of  approxi- 
mately 12  miles,  and  an  elevation  of  375  or  400  feet  above  sea  level. 
The  Advance  lowland  is  a  nearly  level  or  gently  rolling  plain,  200  to 
250  feet  above  sea  level,  and  sloping  slightly  to  the  south.    The  inter- 
stream  areas  present  numerous  tracts  of  open,  grass-covered  prairies, 
separated  by  slightly  lower  timbered  lands.    Grand  Prairie,  an  irreg- 
ular but  in  general  continuous  tract  of  prairie,  lies  northeast  of  Bayou 
Two  Prairie  and  extends  from  a  point  6  miles  northwest  of  Lonoke 
southeastward  through  Lonoke,  Prairie,  and  Arkansas  counties  (p. 
27) ;    Prairie    Longue,   a    similar    prairie,   extends   southeastward 
through  Lonoke^County  south  of  Bayou  Two  Prairie,  and  parallel 
to  Grand  Prairie  (p.  27).    The  broad  flood  plains  of  the  streams,  for 
the  most  part  swampy  and  heavily  timbered,  are  characterized  by 
numerous  ponds,  abandoned  stream  channels,  and  bayous.   The  south- 
western part  of  the  county  falls  within  the  flood  plain  of  Arkansas 
River  and  supports  a  vigorous  growth  of  timber. 

The  county  is  drained  chiefly  by  Cypress  Bayou,  Wattensas  Bayou, 
Bayou  Two  Prairie,  Bayou  Meto,  and  Indian  Bayou. 

GBOLOGY. 

Paleozoic  rocks  of  Pennsylvanian  age  outcrop  in  the  Ozark  province 
in  the  northwest  and  are  present  beneath  deposits  of  the  Coastal 
Plain  throughout  the  remainder  of  the  county.  The  Paleozoic  rocks 
are  separated  from  the  deposits  of  the  Coastal  Plain  by  a  rela- 
tively steep  southeastward-facing  erosion  escarpment  along  the  line 
of  which  the  eroded  surface  of  the  Paleozoic  rocks  passes  under  the 
deposits  of  the  Coastal  Plain  and  extends  to  the  eastward  beneath 
them,  reaching  greater  depths  in  that  direction. 
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Strata  of  Cretaceous  age,  dipping  slightly  to  the  southeast,  rest 
upon  the  Paleozoic  basement  rocks,  but  so  far  as  known  do  not  out- 
crop in  this  county;  the  Upper  Cretaceous  fossils  Exogyra  costata 
Say  and  Cardium,  eufaulense  Conrad  have  been  recognized  in  a 
calcareous  sandstone  taken  from  a  depth  of  15  or  20  feet  in  a  well  at 
Cabot  (p.  40).  The  Cretaceous  deposits  are  overlain  by  southeast- 
ward-dipping strata  of  Eocene  age;  limestones  of  the  Midway  for- 
mation have  been  observed  in  outcrops  near  Cabot  (p.  49),  and  prob- 
ably the  beds  composing  Chinquapin  Kidge  east  of  Austin  and  Cabot 
belong  to  the  Eocene. 

Throughout  the  Advance  lowland  the  Eocene  deposits  are  overlain 
and  concealed  by  125  to  200  feet  of  Quaternary  alluvial  loams,  clays, 
sands,  and  gravels  of  Pleistocene  and  Eecerit  age.  The  Pleistocene 
alluvium,  which  rests  upon  the  Eocene  strata  and  outcrops  in  the 
interstream  areas,  though  irregularly  bedded  grades  downward  in 
general  from  gray  compact  silty  clays  at  the  surface  through  fine 
sands  to  coarse  water-bearing  sands  and  gravels  at  the  base.  The 
Recent  alluviimi  immediately  underlies  the  flood  plains  of  the  present 
streams. 

WATER  RESOURCES. 
OElfERAL  COKDITIOHS. 

Ordinary  supplies, — In  the  Advance  lowland  water  for  domestic, 
industrial,  and  irrigation  uses  is  obtained  chiefly  from  wells  15  to 
180  feet  deep,  tapping  the  abundantly  water-bearing  sands  and 
gravels  of  the  Quaternary  alluvial  deposits,  the  waters  of  which  stand 
in  the  wells  10  to  50  feet  below  the  surface.  As  reported  by  the  well 
owners,  some  of  the  waters  are  soft,  some  are  hard,  and  some  are 
ferruginous;  with  an  occasional  exception,  they  are  suitable  for  all 
ordinary  uses.  The  undifferentiated  Eocene  and  Cretaceous  deposits, 
which  in  the  southeastern  part  of  the  county  probably  reach  a  thick- 
ness of  1,000  feet  or  more,  contain  important  water-bearing  beds, 
the  waters  of  which  are  probably  under  sufficient  hydrostatic  pres- 
sure to  bring  them  within  less  than  100  feet  of  the  surface,  but  not 
sufficient  to  cause  overflows  at  the  surface.  Cisterns  are  in  use  at  some 
places  along  the  western  border  of  the  Gulf  Coastal  Plain,  and  par- 
ticularly at  Cabot. 

Irrigation. — ^The  rice-growing  industry  in  Arkansas  had  its  begin- 
ning in  this  county  (pp.  144-149) ,  From  the  first  water  for  irrigating 
the  rice  lands  has  been  obtained  from  wells,  and  because  of  the  great 
quantities  of  water  obtainable  from  the  sands  and  gravels  of  the 
Quaternary  deposits  at  depths  of  25  to  180  feet  wells  have  continued 
to  be  used.  The  water  stands  in  the  wells  at  depths  of  10  to  50  feet 
and  is  lifted  by  means  of  powerful  machinery,  the  yield  per  minute 
ranging  from  600  to  4,000  gallons  for  each  well.    The  cost  of  drill- 
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ing  and  equipping  the  wells  ranges  from  $580  to  $5,000,  the  difference 
in  cost  depending  chiefly  on  the  depth  and  diameter  of  the  wells  and 
on  the  capacity  of  the  pmnping  machinery.  The  average  cost,  based 
on  15  wells,  is  about  $811  for  each  1,000  gallons  of  yield  per  minute, 
or  at  the  rate  of  81  cents  for  each  gallon  of  yield  per  minute.  De- 
tailed information  concerning  21  irrigation  wells  is  given  in  the 
table  on  pages  220-223. 

LOCAL  SUPPLIES. 

Lonoke. — ^Lonoke  (population  1,547,  census  of  1910),  the  county 
seat,  is  equipped  with  a  municipal  water-supply  system,  owned  by 
W.  Y.  Bransford,  information  concerning  which  has  been  furnished 
by  the  owner  and  by  the  postmaster.  Water  is  obtained  from  two 
wells,  one  of  which  is  103  feet  deep  and  the  other  105  feet  deep  (Nos. 
23,  24,  p.  222).  The  water  is  distributed  from  a  tank  having  a 
capacity  of  18,000  gallons,  and  the  daily  consumption  is  about  36,000 
gallons;  the  water  is  ferruginous. 

A  log  of  the  105- foot  well,  the  figures  in  which  are  approximations, 
is  as  follows: 

Log  of  105'foot  trell  at  waterworks  plant,  lAmoke, 
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Ilolland. — At  Holland  station,  4  miles  southwest  of  Cabot,  the  St. 
Louis,  Iron  Mountain  &  Southern  Railway  Ca  drilled  in  1911  a 
1,352-foot  well,  the  log  of  which  is  as  follows: 

Log  of  ureU  oicned  hg  the  8t,  Louis,  Iron  Mountain  d  Southern  Rait  way  Oo^ 

Holland, 

(No.  16,  p.  220.) 
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A  12^inch  casing  was  used  to  a  depth  of  141  feet  and  a  10-inch  cas- 
ing to  a  depth  of  365  feet  As  no  water  was  obtained,  the  casings 
were  withdrawn  and  the  well  abandoned. 

Cabot. — ^Branner  *  has  published  the  two  following  logs  of  wells  at 
and  near  Cabot : 


Log  of  well  at  Neeley  d  Neeley's  ginhouse,  Cabot, 

(No.  2,  p.  220.] 
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Log  of  well  in  NE,  i  8W.  i  sec.  25,  T,  J,  N.,  R.  10  W, 
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The  log  of  another  well,  of  interest  chiefly  because  of  the  geologic 
information  it  affords,  is  as  follows : 

Log  of  well,  knoivn  as  the  Nursery  well,  owned  hy  J,  P.  Murrel,  Cabot, 


Thksk- 


Depth. 


Not  reported 

Gray  calcareous  clay 

Black  clay  and  gray  calcareous  sandstone,  with  shells;  contained  iron-stained  gravel  at 
depth  not  stated;  stopped  digging  on  hajrd  blue  rook  (Paleosoio) 
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Materials  collected  between  the  depths  of  20  and  46  feet  in  this 
well  consist  in  part  of  dark-gray  calcareous  clay,  with  numerous 
fragments  of  shells,  some  of  which  are  arranged  in  seams  and  pock- 
ets, and  in  part  of  gray  calcareous  fossiliferous  sandstone,  with 
fragments  of  lignite.  Both  the  clay  and  sandstone  contain  Upper 
Cretaceous  fossils,  probably  belonging  to  the  Nacatoch  sand.  (See 
P-40.) 

^  Branner,  J.  C,  The  clays  of  Arkansas :  U.  S.  Geol.  Survey  Bull.  351,  p.  133,  1908. 
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Wells  for  irrigation. — ^Wells  for  irrigating  rice  lands  have  been. 
drilled  at  many  places  on  the  prairies,  particularly  in  the  vicinity 
of  Carlisle,  Lonoke,  England,  Cobb,  and  Scott  Detailed  information, 
concerning  21  of  them  is  given  in  the  table  on  pages  220-223.  The 
following  are  logs  of  irrigation  wells : 

Log  of  ioell  of  W.  H,  FuUer,  4i  mUes  southwest  of  Carlisle, 

[No.  3,  p.  230.] 
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Pleistocene  alluriuin: 

In  descending  order,  hard  clay,  yellow  clay,  led  clay,  and  white  day, 

Quicksand  and  CTSvel 

Gravel  and  small  bowlders 
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Log  of  icell  of  Mr,  Hubbard,  ii  miles  east  of  Carlisle. 
[No. «,  p.  2«.i 
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Log  of  fcell  of  Robert  Medendorp,  1^  miles  north  of  Carlisle* 

[No.  5,  p.  220.] 
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Log  of  well  of  J.  H,  Sims,  S  miles  southtoest  of  Carlisle. 

[No.  8,  p.  220.] 
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Log  of  well  of  B,  F.  Fromholz,  4  miles  southeast  of  Lonoke. 

[So.  21,  p.  22a] 
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MISSISSIPPI  COUNTY. 
PHYSIOGRAPHY. 

Lying  between  Craighead  and  Poinsett  counties  on  the  west,  Toi- 
nessee  on  the  east,  and  Missouri  on  the  north,  Mississippi  County 
comprises  an  area  of  792  square  miles;  Mississippi  River  forms  its 
eastern  boundary.  At  the  time  of  the  census  of  1910  the  population 
of  the  county  was  30,468.  Agriculture  and  lumbering  are  the  chief 
industries.  The  soil  is  very  fertile  and  produces  large  crops  of  cotton, 
com,  and  hay.  Except  where  cleared  for  cultivation,  the  surface  is 
heavily  timbered,  and  much  lumber  is  produced. 

The  county  is  entirely  within  the  Mississippi  lowland.  The  surface 
is  a  nearly  level  or  gently  rolling  alluvial  plain  lying  235  to  260  feet 
above  sea  level  and  sloping  slightly  to  the  south  and  west  The  hi^- 
est  land  in  the  county,  with  the  exception  of  Big  Lake  highlands,  a 
tract  of  slightly  elevated  land  2  to  3  miles  wide  lying  west  of  Big 
Lake  and  extending  northward  into  Missouri,  is  immediately  west  of 
the  river.  Swamps,  bayous,  and  abandoned  stream  channels  are  nu- 
merous and  much  of  the  area  is  subject  to  overflow.  The  greater  part 
of  the  drainage  passes  westward  into  St.  Francis  River.  The  western 
half  of  the  county,  with  the  exception  of  Big  Lake  highlands,  is 
included  in  the  area  known  as  the  St.  Francis  Sunk  Lands,  where  the 
bayous  and  swamps  are  separated  by  low  ridges  of  sandy  loam  dotted 
with  the  so-called  "  sand  blows  "  of  the  region.  The  sand  blows  are 
low  circular  or  irregular  mounds  of  clean  white  sand  supposed  to 
have  been  discharged  from  imdergroimd  sources  through  crevices 
during  the  time  of  the  New  Madrid  earthquake  in  1811-12. 

GEOLOGY. 

The  materials  underlying  the  surface  of  this  county  to  depths 
estimated  at  150  to  225  feet  are  Quaternary  alluvial  loams,  clays, 
sands,  and  gravels.  The  immediate  surface  materials  are  probably 
all  of  Becent  age,  though  in  some  of  the  higher  swells,  such  as  Big 
Lake  highlands  west  of  Big  Lake,  deposits  of  Pleistocene  age  may 
come  to  the  surface.  It  is  probable  that  strata  of  Pleistocene  age 
intervene  between  the  Recent  deposits  and  the  underlying  older  de- 
posits, but  this  has  not  been  definitely  proved.  Buried  logs  are 
encountered  in  many  wells. 

The  alluvial  deposits  are  underlain  by  an  estimated  thickn^  of 
600  to  1,000  feet  of  Eocene  sands  and  clays,  and  the  latter  are  in 
turn  underlain  by  Cretaceous  strata.  At  an  undetermined  depth, 
probably  2,000  feet  or  more,  the  Cretaceous  deposits  rest  on  a  base- 
ment of  rocks  believed  to  be  of  Paleozoic  age. 
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WATER  BESOT7RCE8. 


OEirzBAL  oovDinoira 

Water  for  domestic  and  industrial  supplies  is  obtained  chiefly  from 
wells  10  to  100  feet  deep,  which  tap  the  abundantly  water-bearing 
sands  of  the  alluvial  deposits  the  waters  of  which  stand  in  the  wells  1 
to  80  feet  below  the  surface.  According  to  the  reports  of  well  owners, 
many  of  the  waters  are  hard  and  ferruginous,  but  some  are  soft. 

Both  Eocene  deposits  and  the  underlying  Cretaceous  deposits  con- 
tain important  water-bearing  beds  the  waters  of  which  are  under  suf- 
ficient hydrostatic  pressure  to  bring  them  nearly  to  or  above  the  sur- 
&oe.  Water  has  been  obtained  by  wells  at  Blytheville  (1,448  feet), 
Burdette  (1,495.5  feet),  and  at  Wilson  (1,567  feet),  and  probably 
can  be  obtained  anywhere,  in  the  county  at  depths  of  1,400  to  2,000 
feet 

LOCAL  8TTPPUE8. 

Osceola.— OsceolsL  (population  1,679,  census  of  1910),  the  county 
seat,  owns  its  municipal  water  plant  and  obtains  water  from  an  800- 
foot  well  (No.  5,  p.  228)  information  concerning  which  has  been  fur- 
nished by  N.  B.  Baldwin.  The  water  is  forced  to  a  standpipe  holding 
5,000  gallons  by  a  pump  having  a  capacity  of  500  gallons  a  minute. 
The  standpipe  pressure  is  55  pounds  per  square  inch  and  the  direct 
pressure  from  the  pump  for  fire  protection  is  90  pounds.  The  daily 
consumption  is  between  50,000  and  60,000  gallons. 

Bh/theviHe. — ^T.  W.  Davis,  mayor,  states  that  the  town  of  Bljiihe- 
ville  (population  8,849,  census  of  1910)  has  drilled  a  flowing  well 
1,448  feet  deep  (No.  1,  p.  228)  to  supply  a  proposed  municipal  water 
plant  The  Chicago  Mill  &  Lumber  Co.  owns  a  well  520  feet  deep  2 
miles  west  of  Blytheville  (No.  2,  p.  228)  a  partial  log  of  which  follows : 

Partial  log  of  toeU  of  the  Chicago  MtU  d  Lumber  Co.,  2  miles  toest  of  BlytfieviUe^ 
[AQthortty,  W.  P.  Oir,  diitf  «iigiii6tr  for  the  oompany.) 
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The  materials  described  to  a  depth  of  140  feet  are  probably  refer- 
able to  the  Quaternary  alluvium,  and  the  remainder  to  the  bottom  of 
the  well  are  of  Eocene  age. 

Luxara. — ^The  village  of  Luxora  is  equipped  with  a  water-supply 
system  owned  by  Wood  Bros.,  information  concerning  which  has  beoi 
furnished  by  John  B.  Driver.  Water  is  obtained  from  Mississippi 
Biver  and  is  pumped  to  a  tank  having  a  capacity  of  10,000  gallons, 
from  which  it  is  distributed  to  the  consumers  through  2  miles  of 
mains.    The  daily  consumption  is  10,000  gallons. 

Burdette. — ^A  flowing  well,  owned  by  the  Three  States  Lumber  Ca, 
at  Burdette  is  1,495  feet  deep  (No.  4,  p.  228).  The  following  is  an 
incomplete  log  of  the  well : 

Incomplete  log  of  tcell  of  the  Three  States  Lumber  Co.,  Burdette, 

Feet. 

Sand  and  gravel  at 123 

Sand,  Ugnlte.  and  clay 123-1,080 

Clay 1,  OeO-1. 067 

Rock  at 1, 388 

Fine  white  sand,  gravel,  and  hard  clay  from  the  rock  to  the  bot- 
tom of  the  wen 1,^5.5 

The  sand  and  gravel  reached  at  a  depth  of  123  feet  probably  repre- 
sents the  basal  portion  of  the  Quaternary  alluvial  deposits.  The  well 
probably  passed  entirely  through  the  Eocene  strata  which  underUe 
the  Quaternary  deposits  and  entered  the  Cretaceous  deposits,  although 
the  data  are  not  sufficient  to  differentiate  the  beds  of  the  two  ages. 

Wilson. — A  flowing  well,  owned  by  Lee  Wilson  &  Co.,  at  Wilswi  is 
1,567  feet  deep  (No.  7,  p.  228) .  The  water  is  used  in  boilers  at  several 
large  sawmills  and  is  the  principal  domestic  supply  of  the  town. 
No  log  of  the  well  has  been  obtained,  but  according  to  the  informant, 
Miss  June  Blackwell,  postmistress,  rock  was  struck  at  a  depth  of 
1,500  feet,  and  the  water,  which  flows  at  the  surface  at  the  rate  of  208 
gallons  per  minute,  was  obtained  from  a  coarse  sand  beneath  this  rock. 

Ashport  Bendj  Mississippi  Biver. — ^In  1893  four  borings  were  made 
at  Ashport  Bend,  Mississippi  River,  Ark.,  9  or  10  miles  above  Osceohi, 
under  the  auspices  of  the  Mississippi  Biver  Commission,  the  logs  of 
which  follow : 


Digitized  by  VjOOQIC 


MISSISSIPPI  COUNTY. 


227 


Log  of  boring  No.  i,  Ashport  Bend,  Mississippi  River,  Ark. 
[Elevation  of  month  of  boring  about  32.5  feet  above  extreme  low-water  level.] 
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Silt 

Very  fine  sand 

Coarse  sand  and  gravel 
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Log  of  boring  No.  2,  Ashport  Bend,  Mississippi  River,  Ark. 
[Elevation  of  mouth  of  boring  30  feet  above  low-water  level.] 
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Depth. 
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Log  of  boring  No.  S,  Ashport  Bend,  Mississippi  River,  Ark. 
[Elevation  of  mouth  of  boring  30  feet  above  low-water  level.] 
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Log  of  boring  No.  4,  Ashport  Bend,  Mississippi  River,  Ark. 
[Elevation  of  mouth  of  boring  28  feet  above  low  water  level.] 
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MONBOE  COTJNTY. 
PHY8I0GRAPHT. 

Monroe  County,  in  the  east-central  part  of  the  State,  comprises 
an  area  of  603  square  miles  and  has  a  population  of  19,907  (census 
of  1910).  Agriculture,  lumbering,  and  stock  raising  are  the  chief 
industries.  The  agricultural  products  include  cotton,  cereals,  and 
vegetables.  Rice  growing  is  rapidly  becoming  important.  Wood 
products  are  manufactured  at  several  mills  at  Clarendon,  the  county 
seat,  and  at  BrinUey ;  at  the  latter  place  there  is  also  a  cottonseed-oil 
mill. 

The  county  lies  within  the  Advance  lowland,  one  of  the  topographic 
divisions  of  the  Gulf  Coastal  Plain.  The  surface  is,  in  general,  a 
slightly  undulating  plain  170  to  210  feet  above  sea  level,  sloping 
sli^tly  to  the  south.  Throughout  the  greater  part  of  the  county 
east  of  White  River  are  niunerous  swamps,  bayous,  and  abandoned 
stream  channels,  separated  by  low,  rolling  ridges  of  sand  or  sandy 
loam.  Much  of  the  surface  is  poorly  drained,  and  the  greater  part 
of  the  area  is  wooded ;  there  are  a  few  small  tracts  of  prairie-like  land 
in  the  northeast.  A  relatively  small  area  in  the  west-central  part  of 
the  coimty  lies  west  of  White  River,  and  about  15  square  miles  of  this 
section  is  open,  grass-covered  prairie,  forming  a  part  of  Grand  Prairie 
(p.  27).  White  River  enters  the  county  in  the  northwest  and  forms 
the  southwestern  boundary  for  a  distance  of  about  18  miles.  Cache 
River  flows  from  north  to  south  in  the  northwestern  part  of  the  county 
and  joins  White  River  at  Clarendon. 

GEOLOGY. 

Throughout  the  coimty  the  materials  underlying  the  surface  to 
estimated  depths  of  125  to  175  feet  are  Quaternary  alluvial  loams, 
clays,  sands,  and  gravels  of  Recent  and  Pleistocene  age.  The  Pleisto- 
cene deposits  outcrop  in  the  prairies  west  of  White  River  and  prob- 
ably also  in  the  higher  areas  east  of  White  River  and  underlie  the 
remainder  of  the  county  beneath  Recent  deposits.  Although  irregu- 
larly bedded,  in  general  they  grade  downward  from  loams  or  fine, 
silty  clays  at  the  surface,  through  fine  sands  to  coarse  water-bearing 
sands  and  gravels  at  the  base.  The  Recent  deposits  form  the  surface 
materials  in  the  broad,  rolling  flood  plains  of  White  and  Cache  rivers. 

The  alluvial  deposits  rest  unconformably  on  strata  of  Eocene  age, 
the  only  definite  data  concerning  which  have  been  furnished  by  a  well 
at  Brinkley,  owned  by  the  Farrell  Light,  Heat  &  Water  Co.  Here 
sands,  clays,  and  gravels,  probably  referable  to  the  Eocene,  were 
penetrated  from  a  depth  of  148  to  565  feet;  blue  clay  containing 
oyster  shells  was  penetrated  between  the  depths  411  and  415  feet, 
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and  lignite  between  the  depths  411  and  416  feet.  From  g^ieral 
considerations  it  is  believed  that  the  Eocene  deposits  are  underlain 
at  some  depth,  probably  not  exceeding  1,000  or  1,200  feet,  by  strata 
of  Cretaceous  age,  and  at  an  undetermined  depth,  probably,  however, 
not  exceeding  2,500  feet,  the  Cretaceous  deposits  are  believed  to  rest 
on  a  basement  of  Paleozoic  rocks.  Both  the  Eocene  and  Cretaceous 
deposits  contain  water-bearing  beds. 

WATER  RESOURCES. 
OEHEBAL  OOVDZTIOVS. 

Domestic  water  supplies  are  obtained  chiefly  from  wells  15  to 
85  feet  deep,  tapping  the  water-bearing  sands  and  gravels  of  the 
alluvial  deposits,  the  waters  of  which  stand  in  the  wells  at  depths 
of  10  to  30  feet.  According  to  the  reports  of  well  owners,  some  of 
the  waters  are  hard  and  some  are  soft,  but  with  an  occasional  excep- 
tion they  are  suitable  for  household  and  farm  use.  A  few  wells 
used  for  industrial  supplies  and  for  irrigation  range  in  depth  from 
100  to  160  feet,  and  draw  their  supplies  from  the  coarse,  abundantly 
water-bearing  sands  and  gravels  at  the  base  of  the  alluvial  deposits. 

The  Eocene  strata,  which  underlie  the  alluvial  deposits,  contain 
important  water-bearing  beds,  as  shown  by  the  yield  of  the  565-foot 
well  at  Brinkley  (No.  1,  p.  232).  The  Cretaceous  deposits,  which 
underlie  the  Eocene  at  an  undetermined  depth,  probably  contain 
water-bearing  beds.  The  Eocene  and  Cretaceous  waters  are  under 
sufficient  hydrostatic  pressure  to  bring  them  within  less  than  50  feet 
of  the  surface;  flowing  wells  probably  can  not  be  obtained  except 
in  the  low  alluvial  lands  in  the  southern  part  of  the  county,  where 
wells  1,500  feet  or  more  in  depth  might  overflow  at  the  surface. 

LOCAL  SUPPLIES. 

Brinkley. — The  municipal  water  supply  of  Brinkley  (population 
1,740,  census  of  1910)  is  obtained  from  a  well  565  feet  deep  (No.  1, 
p.  232).  Information  concerning  the  system  has  been  furnished  by 
Elmo  Chaney,  manager,  through  the  mayor,  R.  M.  Henderson.  The 
water  is  forced  into  a  reservoir  holding  100,000  gallons  by  an  air 
compressor  having  a  capacity  of  250  gallons  a  minute.  From  the 
reservoir  the  water  is  pumped  to  an  elevated  tank,  holding  60,000 
gallons,  from  which  it  is  distributed  through  3  miles  of  mains. 
The  standpipe  pressure  is  40  pounds  per  square  inch,  though  a  direct 
pressure  of  100  pounds  per  square  inch  can  be  obtained  in  case  of  fire 
by  cutting  out  the  standpipe.  The  daily  consumption  for  domestic 
purposes  is  70,000  gallons.  The  water  is  slightly  brackish.  The 
following  is  a  log  of  the  well : 
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Log  of  well  of  the  FarreU  Light,  Heat  d  Water  Co.,  Brinkley. 


Thkk- 


Depth. 


FWstooeoe  aDaviam: 

Clay 

Sand. 

Clay 

Sand 

Hard  blue  clay,  with  oyster  shells 

UgDite 

Fme  sand  and  gravel. 

Bhieclav 

Fine  white  sand  and  gravel,  water  bearing 


'eet. 

Feet, 

26 

25 

123 

148 

2 

150 

255 

405 

6 

411 

4 

415 

80 

496 

2 

497 

68 

665 

Other  wells  at  Brinkley,  owned  by  the  Brinkley  Ice  Co.,  the  Arkan- 
sas Cotton  Oil  Co.,  and  the  Brinkley  Car  Works,  are  described  in  the 
table  on  page  232. 

Wells  for  irrigation. — Several  wells  in  the  vicinity  of  Brinkley  for 
irrigating  rice  lands  are  described  in  the  table  on  page  232.  They 
range  in  depth  from  140  to  150  feet  and  tap  the  coarse  water-bearing 
sands  and  gravels  in  the  basal  portion  of  the  Quaternary  alluvium; 
they  yield  from  2,000  to  3,500  gallons  per  minute. 

Logs  of  two  irrigation  wells  are  as  follows: 

Log  of  well  of  J,  D,  Edmunds,  near  Brinkley, 

[No.  5,  p.  282.] 


Thick- 


Depth. 


PMstooene  alluviam: 

Hardpan. 

Sand. 

Sand  and  gravel,  water  bearing 
Bine  clay 


Feet. 

6 

7.75 
124 
12 


Feet, 
6 

13.75 
137.75 
149.75 


Log  of  well  of  H.  O.  Adams,  li  milDS  northwest  of  Brinkley, 
[No.  7,  p.  232.1 


Thick- 
ness. 

Depth. 

Boa  and  Pleistooene  aUavimn  (^proximate  thickness): 

8oO  and  snhsoO 

Feet. 
13 
64 
70.5 

Feet. 
13 

Cand. 

77 

Gravel,  water  bearing  . .  - ,  -  ^  -  -  - , 

147.5 

Log  of  tcell  of  Harshberger  d  Staley,  2}  miles  southeast  of  Brinkley,  Ark. 

[No.  8,  p.  282.) 


Thick- 
ness. 


Depth. 


Pleistooene  allavinm: 

Red  and  yeUow  clav 

qufeksand 

Sand 

Omnbo  and  shale 

Sand  and  gzavel,  water  bearing 


Feet. 
20 
10 
10 
20 
82 


Feet. 
20 
30 
40 
60 
142 
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PHUiUPS  COXTNTY. 
PHT8I0GRAPHT. 

Phillips  County  comprises  an  area  of  692  square  miles,  lying  sooth 
of  Lee  County  and  east  of  Monroe  and  Arkansas  counties;  Missis- 
sippi Biver  borders  the  county  on  the  east  Its  population  was  83^ 
in  1910.  Agriculture  is  the  chief  industry,  but  lumbering  is  also  im- 
portant The  agricultural  products  include  cotton,  cereals,  and  hay. 
At  Helena,  tiie  county  seat,  there  are  several  cotton  compresses, 
cottonseed  oil  mills,  and  mills  manufacturing  wood  products. 

The  three  topographic  subdivisions  of  the  Mississippi  embay- 
ment — Crowleys  Bidge,  the  Advance  lowland,  and  the  Mississippi 
lowland — are  represented  in  the  coimty. 

Crowleys  Bidge  includes  a  small  tract  of  hilly,  partly  wooded, 
partly  cultivated  land  in  the  northeastern  part  of  the  county;  its 
maximum  elevation  is  about  400  feet  above  sea  level  or  about  210  feet 
above  the  surrounding  lowlands.  The  east-facing  slope  is  rugged 
and  presents  numerous  deep,  steep-sided  gullies;  along  the  western 
slope  the  hills  are  more  smoothly  rounded  and  the  valleys  of  the 
small  streams  are  broader  and  shallower.  The  southern  terminus  of 
the  ridge  is  about  2  miles  southwest  of  Helena. 

The  Advance  lowland  comprises  the  area  lying  between  Crowleys 
Bidge  and  the  western  boimdary  of  the  county  and  extending  south- 
ward a  maximum  of  14  miles  from  the  northern  boundary.  The 
surface  is  a  rolling  plain  170  to  240  feet  above  sea  level,  mostly 
timbered,  with  a  general  slope  to  the  south.  The  creeks  and  bayous 
flow  through  poorly  drained  i^allow  valleys  and  are  separated  by 
low  ridges  of  light  to  dark  loam.  One  of  the  more  prominent  ridges, 
known  as  Hickory  Bidge,  is  20  to  80  feet  higher  than  the  surface  to 
the  west  and  extends  from  ft  short  distance  south  of  Marvel  north- 
westward to  the  county  line.  Along  the  western  side  of  Crowleys 
Bidge  is  a  well-defined  terrace,  1  to  3  miles  wide,  lying  30  or  40  feet 
above  the  lowland  immediately  to  the  west,  from  which  it  is  sepa- 
rated by  an  abrupt  escarpment;  it  is  also  separated  from  Crowleys 
Bidge  on  the  east  by  a  plainly  defined  escarpment 

The  Mississippi  lowland  is  an  area  1  to  12  miles  wide,  bordering 
Mississippi  Biver  along  the  entire  southeastern  side  of  the  county;  a 
few  square  miles  of  the  area  lies  east  of  the  southern  part  of  Crow- 
leys Bidge  and  north  of  Helena.  The  lowland  slopes  from  about 
200  feet  above  sea  level  in  the  northern  part  of  the  county  to  about 
170  feet  above  sea  level  in  the  south.  Swamps,  lakes,  abandoned 
stream  channels,  and  bayous  are  numerous,  and  much  of  the  surface 
is  heavily  timbered. 
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West  of  Crowleys  Bidge  the  county  is  drained  by  Big  Creek,  a 
tributary  of  White  Biver,  and  White  Biver  forms  the  boundary  of 
the  coanty  for  a  distance  of  about  15  miles  on  the  southwest 

0E0I/X3T. 

The  core  of  Crowleys  Bidge  to  a  maximum  height  of  80  or  90  feet 
above  the  level  of  the  Mississippi  bottom  is  composed  of  Tertiary 
sands,  clays,  and  gravels  refers^le  to  the  Jackson  formation  of  ihe 
Eocene..  Undifferentiated  deposits  of  Eocene  age  underlie  the  ridge 
to  an  estimated  depth  of  1^00  feet  or  more  and  contain  important 
water-bearing  beds.  The  Eocene  is  underlain  by  deposits  of  Creta- 
ceous age,  which,  at  an  undetermined  depth,  probably  3,000  feet  or 
more,  are  believed  to  rest  on  a  basement  of  Paleozoic  rocks.  The 
Cretaceous  deposits  contain  water-bearing  beds,  but  their  character 
is  not  definitely  known.  Throughout  the  remainder  of  the  county 
the  Eocene  and  the  subjacent  Cretaceous  deposits  are  present  beneath 
Quaternary  alluvial  deposits  estimated  to  be  120  to  200  feet  thick. 

In  Crowleys  Bidge  the  Eocene  sands  and  clays  are  overlain  uncon- 
formably  by  a  known  maximum  thickness  of  80  feet  of  sands  and 
gravels  belonging  to  the  Lafayette  formation  (Pliocene?),  which  is 
in  turn  overlain  by  typical  loess  (Pleistocene),  having  a  maximum 
measured  thickness  of  approximately  140  feet  The  loess  caps  the 
ridge,  and  materials  derived  from  both  the  Lafayette  formation  and 
the  loess  mantle  down  over  the  slopes  of  the  ridge  and  in  most  places 
completely  cover  the  Eocene  strata.  It  is  difficult  at  some  places  to 
determine  whether  these  mantling  materials  are  in  their  original 
position  or  have  subsequently  come  to  their  present  position  by  rede- 
position  or  by  creep.    Fossil  land  shells  are  numerous  in  the  loess. 

Along  the  western  side  of  Crowleys  Bidge  is  a  terrace  30  to  40  feet 
above  the  lowland  to  the  west,  the  deposits  composing  which  are 
probably  the  reworked  loess,  sands,  and  gravels  of  Crowleys  Bidge. 
This  terrace  is  of  Pleistocene  age,  is  younger  than  the  loess  capping 
Crowleys  Bidge,  and  older  than  the  alluvium  underlying  the  lowland 
inunediately  to  the  west.  The  Advance  lowland  west  of  Crowleys 
Bidge  is  underlain  to  estimated  depths  of  125  to  200  feet  by  Quater- 
nary alluvial  loams,  clays,  sands,  and  gravels  of  Pleistocene  and 
Kecent  age.  The  Pleistocene  alluvium  rests  on  Eocene  strata  and 
appears  at  the  surface  in  the  interstream  areas.  Although  irregu- 
larly bedded,  the  materials  in  general  grade  downward  from  fine  silts 
or  loams  at  the  surface  through  fine  sands  to  coarse,  water-bearing 
sands  and  gravels  at  the  base.  Becent  stream  alluvium  immediately 
tmderlies  the  surface  in  the  flood  plains  of  Big  Creek  and  White 
Hiver.  The  Mississippi  lowland  is  underlain  by  alluvial  clays  and 
^ater-bearing  sands  and  gravels  to  estimated  depths  of  150  to  200 
feet. 
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WATER  RESOURCES. 
OSVEXAL  00KDXTI0V8. 

Water  for  domestic  supplies  is  (Jerived  chiefly  from  wells  15  to  150 
feet  deep.  In  the  Advance  and  Mississippi  lowlands  the  water  is 
obtained  from  the  sands  and  gravels  of  the  Quaternary  alluvium  and 
stands  within  10  to  60  feet  of  the  surface.  In  Crowleys  Ridge  the 
wells  tap  either  the  water-bearing  sands  and  gravels  of  the  Lafayette 
formation  or  the  water-bearing  sands  of  the  underlying  Eocene 
deposits.  Wells  on  the  higher  parts  of  the  ridge  generally  exceed  100 
feet  in  depth  and  yield  waters  that  rise  within  80  to  130  feet  of  the 
surface.  As  reported  by  the  owners,  the  waters  of  wells  less  than  150 
feet  deep  are  nearly  all  hard  and  some  have  a  distinct  taste  of  iron. 

The  Eocene  strata  beneath  the  alluvial  deposits  contain  water- 
bearing beds  which  at  Helena  have  been  tapped  by  numerous  welk 
450  to  576  feet  deep,  and  by  one  well  400  feet  deep  at  Barton.  The 
waters  rise  within  15  to  40  feet  of  the  surface  of  the  lowland,  are 
soft,  and  of  suitable  quality  for  all  ordinary  domestic  and  industrial 
uses.  No  tests  have  been  made  of  the  character  of  the  Eocene  waters 
at  depths  exceeding  675  feet  or  of  the  deeply  buried  Cretaceous 
waters.  Waters  from  depths  of  1,000  feet  or  more  are  probably 
under  sufficient  hydrostatic  pressure  to  produce  flows. 

Cisterns  are  used  in  a  few  places  on  the  bottom  lands.  Springs 
are  numerous  among  the  hills  of  Crowleys  Hidge,  especially  along  the 
foot  of  the  east-facing  slope;  some  of  them  are  used  for  domestic 
and  farm  supplies. 

LOCAL  StrPPLXEB. 

Helena. — ^The  city  of  Helena  (population  8,772,  census  of  1910)  is 
equipped  with  a  water-supply  system  owned  by  the  Helena  Water 
Co.,  concerning  which  information  has  been  furnished  by  T.  J. 
Mitchell,  superintendent.  The  supply  is  obtained  from  four  welb 
about  500  feet  in  average  depth,  two  being  8  inches  and  two  10  inches 
in  diameter.  The  water  comes  from  a  bed  of  coarse,  sharp  sand  be- 
tween the  depths  437  and  500  feet.  Several  air  lifts,  each  having  a 
daily  capacity  of  2,000,000  gallons,  are  used  to  force  the  water  from 
the  wells  to  a  concrete  reservoir  holding  1,000,000  gallons,  from  which 
it  is  distributed  through  18  miles  of  mains.  The  reservoir,  which  is 
on  Crowleys  Ridge  west  of  the  town,  affords  a  pressure  of  60  pounds 
per  square  inch.  The  daily  consumption  is  12,000,000  gallons,  about 
one-third  of  which  is  used  in  factories. 

Three  samples  of  material  from  one  of  the  weUs  of  the  Helena 
Water  Co.,  furnished  by  A.  Goldsberg,  are  on  file  in  the  office  of  the 
United  States  Geological  Survey  (U.  S.  G.  S.,  well  No.  424).  One 
sample  from  a  depth  of  350  feet  is  a  drab  clay,  and  two  from  depths 
of  455  and  492  feet  consist  of  light-gray  clean,  sharp  quartz  sand. 
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Detailed  information  concerning  wells  at  and  near  Helena  owned 
by  the  W.  D.  Beeves  Lumber  Co.  (depth  450  feet),  the  New  South 
Oil  Co.  (depth  675  feet),  and  S.  B.  Carpenter  (depth^  575  feet),  is 
given  in  the  table  on  page  240. 

An  incomplete  log  of  the  well  owned  by  the  American  Cooperage 
Co.  is  given  below. 

hog  of  toeU  of  American  Cooperage  Co.,  S  mUes  southtcest  of  the  post^fjtce 

building  at  Helena, 


Thlck- 


Depth. 


Qoataraary  aUuvfom: 

Notrcportod 

Brown  sand  and  giaT«l,  water  bearing. 


Firm  clay 

White  sand,  water  bearing. 

Oay 

White  sand,  water  bearing. 

Oay 

White  sand,  water  bearing. 


Feet. 

60 

110 

60 

12 
118 

40 
136 

50 


FeeL 
SO 
160 

220 
232 
350 
890 
525 
575 


•  The  thicknesses  were  given  from  memory  and  are  therefore  only  approximately  correct. 

The  well  was  originally  drilled  to  a  depth  of  700  feet,  but  the 
casing  was  pulled  back  and  the  lower  125  feet  became  filled  with 
sand.  The  materials  between  the  depths  of  575  and  700  feet  consisted 
of  white  sand  with  thin,  interbedded  layers  of  clay. 

In  1879  two  borings  were  made  near  Helena  under  the  auspices  of 
the  United  States  Mississippi  River  Commission.  One  of  them 
(No.  1)  was  sunk  on  the  Mississippi  lowland  east  of  Crowleys  Hidge 
and  shows  the  thickness  of  the  alluvial  deposits  and  the  character  of 
the  underlying  Eocene  strata  to  a  depth  of  206.4  feet.  The  other 
(No.  2)  was  sunk  on  Crowleys  Kidge  and  shows  the  nature  of  the 
materials  composing  the  ridge  and  imderlying  the  ridge  to  a  depth  of 
236.8  feet.  The  logs  of  these  borings  are  repeated  here  with  the  age 
designations  modified  to  accord  with  present  usage.^ 

Log  of  boring  No.  1  in  bottom  land,  Helena. 


Thick- 
ness. 

Depth. 

Feet. 

Feet. 

31 

31 

56.4 

87.4 

29 

116.4 

36.3 

142.7 

14.1 

156.8 

4.7 

161.5 

.8 

162.3 

27.2 

180.6 

.2 

189.7 

16.7 

206.4 

Qnaternary  aUoviom: 

Not  reported 

Fine  sand 

Coarser  sand  with  gravel. 

Clean  sand  with  gravel.. . 

Coarse  sand 

Finer  sand 

Coaraesand 

Eocene  (Jackson  formatkm): 

Smooth  blue  clay 

Lignite  in  mass 

Smooth  blue  clay 


^Report  of  Profs.  B.  W.  Hllgard  and  F.  Y.  Hopkins  upon  the  examination  of  speci- 
mens from  borings  on  Mississippi  Biver  between  Memphis  and  Vicksburg:  Mississippi 
River  Commission  Ann.  Rept.  for  1888,  48th  Cong.,  Ist  sees..  House  Bz.  Doc  No.  87, 
pp.  470-497 ;  logs,  pp.  485-488. 
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Log  of  boring  No,  2  on  Croicleys  Ridge,  near  Helena, 


Thick. 


Depth. 


rieistocene: 

Brownish-yellow  loam,  noncalcareous  (loess) 

Yellow  silt,  calcareous,  and  full  of  snail  shells  and  concretioiis  of  lime  called  ''loess 
puppets    (loess). 

Yellowish  clay 

Pliocene  (?)  (LalayettelormatlonT): 

Chert  pebbles , 

Eocene  (Jackson  formation): 

Stiif  blue  clay  with  ^eoa  sand  and  llgnitlxed  seaweed;  foaslliferoas 

Stiff  blue  clay,  calcareous;  a  clayey  greensand  marl;  fossillferous 

Ferruglnoi IS  concretions  of  stony  hardness 

Clayey  greensand  marl,  with  a  clay-«olored  calcareous  rock  at  base;  fossiliferous  . . . . 

Dark,  pebbly,  sandy  clay  with  a  layer  of  clay-oolored  foaslliferous  sand  at  base 


FuL 
0.5 

139.2 
28.1 

3.5 

27.7 
12.2 
.2 
19.9 
5.5 


FeeL 
0.5 

138.7 
167.8 

171.3 

199 

211.2 

211.4 

231.3 

236.S 


The  molluscan*  fossils  from  this  well  between  the  depths  171.3  and 
236.3  feet,  as  redetermined  by  Harris,^  are : 

Helena  (boring  No.  2) :  Dentalium  (very  nearly  smooth,  but  with  traces  of 
longitudinal  striation) ;  VolutilithcM  petrosus  (fragments) ;  Corbula  toailesiana; 
Corbula  sp. :  Pfios  hilli  var. ;  Pseudoliva  veiusta;  Pleurotoma  denticula;  Actaon ; 
Natlca. 

According  to  Harris,  these  fossils  indicate  the  Jackson  age  of  the 
containing  beds. 

In  the  same  boring  numerous  foraminifers  were  obtained  between 
the  depths  229.5  and  236.8  feet.  These  were  identified  and  listed  by 
F.  V.  Hopkins.2 

The  following  is  the  record  of  a  boring  at  Helena,  Ark.,  made  in 
1904,  under  the  direction  of  Capt.  E.  W.  Van  C.  Lucas,  Corps  of 
Engineers,  United  States  Army,  by  W.  M.  Eees,  assistant  engineer: 

Log  of  a  boring  on  the  levee  at  Helena,  Ark. 


Quaternary  alluvium: 

Artificial  fill  (levee) 

Blue  mud  or  clay 

Fine  blue  sand 

Bluish  sandy  clay 

Fine  blue  sand,  sugbtly  coarser  at  bottom 

Coarse  gray  sand  iidtb  red  grains 

Eocene  (7)  (Jackson  fonnationT): 


Stiff  dark-greenish  sandy  clay,  containing  shells  and  pebbles 

Hard  clay  with  layers  of  shale 

Stiff  dark-green  sandy  clay  with  shells 

Gravel,  containinff  some  large  pebbles 

Dark-creenish  stiff  sandy  clay,  containing  shells  and  laree  pebbles 

Hard  brown  clay  with  large  pebbles,  anowith  a  layer  of  hard  yellow  clay  at  base . 

Hard  green  clay  or  marl 

Siliceous  quartcitic  rock 

Dark-green  clay  with  a  lasrer  of  hard  yeUow  clay  at  base 

Dark-green  clay 

Hard  dark-brown  clay 

Coarse  sand,  containing  shells  and  lignite 

Stiff  brown  clay  with  small  pebbles  and  seams  of  white  sand 

Soft  gray  sandy  clay  or  fine  gray  sand 
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>  Harris,  GUbert  D.,  The  geology  of  the  Mississippi  embayment  with  special  reference 
to  the  state  of  Louisiana :  Louisiana  Geol.  Survey,  pt.  6.  1002.  p^  22  (footnote). 
«  HUgard,  E.  W.,  and  Hopkins,  F.  V.,  op.  cit.,  pp.  485-488. 
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The  preceding  log,  together  with  the  logs  of  11  other  Government 
wells  bored  near  the  river  at  Helena  and  ranging  in  depth  from  50.8 
to  90  feet,  have  been  furnished  by  Capt.  Lucas.  The  elevation  of  the 
ground  at  the  points  where  borings  were  made  ranges  from  163  to 
192  feet  above  sea  level ;  all  penetrated  alluvial  sands  and  clays  rang- 
ing in  total  thickness  from  50.5  to  89  feet,  beneath  which  hard,  green, 
gray,  blue,  or  dark-brown  clay  was  encountered.  The  level  at  which 
the  hard  clay  was  struck  ranged  from  about  99  to  112  feet  above  sea 
level  The  clay,  which  is  believed  to  be  the  upper  eroded  surface  of 
the  Jackson  formation  (Eocene),  corresponds  to  the  uppermost  layer 
of  the  Eocene  in  the  log  just  given. 

Barton. — ^At  Barton,  13  miles  west  of  Helena,  a  well  drilled  to  a 
depth  of  926  feet  yielded  hard  water  obtained  in  Quaternary  sand  and 
gravel  at  a  depth  of  110  feet,  and  soft  water  in  Eocene  sand  at  a  depth 
of  400  feet.  A  layer  of  sandstone  was  penetrated  at  a  depth  of  800 
feet  and  at  926  feet  the  drill  was  broken  in  attempting  to  penetrate 
a  layer  of  hard  rock.  The  well  was  then  abandoned  and  another 
well  was  drilled  to  the  400-foot  stratmn  (No.  1,  p.  240)  from  which 
an  abundant  supply  of  water  was  obtained. 

Southland. — ^In  the  vicinity  of  Southland,  which  is  on  the  terrace 
bordering  Crowleys  Hidge  on  the  west,  are  several  wells  ranging  in 
depth  from  130  to  140  feet  The  log  of  a  well  owned  by  William 
Russell  is  as  follows  (No.  12,  p.  240) : 

Log  ot  well  of  William  Russell,  Southland. 
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POIKSETT  COUNTY. 
PHYSIOGRAPHY. 

Poinsett  County,  situated  south  of  Craighead  County  and  east 
of  the  northern  third  of  Jackson  County,  embraces  an  area  of  721 
square  miles.  Its  population  at  the  time  of  the  ceni&us  of  1910 
was  12,791.  The  chief  industries  are  agriculture  and  lumbering. 
The  agricultural  products  include  cotton,  com,  rice,  and  hay,  and 
such  fruits  as  apples,  peaches,  and  grapes.  Kice  is  grown  chiefly  on 
the  prairie  lands  west  of  Crowleys  Hidge.  There  are  numerous 
sawmills  in  the  county.  At  Harrisburg  are  several  mills  which 
manufacture  wood  products.  * 

The  coimty  includes  parts  of  the  three  topographic  subdivisions 
of  the  Mississippi  embayment,  Crowleys  Hidge,  the  Advance  lowland, 
and  the  Mississippi  lowland. 

Crowleys  Ridge  is  a  belt  of  hilly,  partly  timbered  land,  1  to  3 
miles  wide,  extending  in  a  north-south  direction  slightly  west  of 
the  center  of  the  coimty,  and  separated  from  the  adjacent  plains  by 
sharply  defined  escarpments ;  the  top  of  the  ridge  is  850  to  400  feet 
above  sea  level  or  100  to  150  feet  above  the  lowlands  to  the  east 
and  west. 

West  of  Crowleys  Ridge  is  a  nearly  level  or  gently  rolling  plain 
which  forms  part  of  the  Advance  lowland ;  it  is  230  to  290  feet  above 
sea  level  and  slopes  slightly  to  the  south.  The  plain  is  drained  by 
L'Anguille  River,  which  heads  just  north  of  the  county  and  flows 
southward  west  of  Crowleys  Ridge  and  by  Bayou  de  Vue,  which 
flows  from  north  to  south  in  the  western  part  of  the  county.  The 
interstream  areas  present  irregularly  distributed  tracts  of  open, 
grass-covered  prairies,  separated  by  slightly  lower  wooded  lands. 
The  broad,  shallow,  flood  plains  of  the  streams  are  in  part  swampy 
and,  except  where  cleared  for  cultivation,  are  heavily  timbered. 

East  of  Crowleys  Ridge  is  the  gently  undulating,  heavily  tim- 
bered plain  of  the  Mississippi  lowland,  lying  225  to  240  feet  above 
sea  level,  sloping  slightly  to  the  west  and  south.  This  part  of  the 
county  is  drained  by  St.  Francis  River,  which  flows  in  a  sinuous 
course  in  a  general  southerly  direction  in  the  eastern  part  of  the 
county.  Much  of  the  surface  is  swampy,  and  bayous  and  ponds  are 
conunon. 
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OEOIiOGY. 

The  core  of  Crowleys  Bidge,  to  a  maximiun  height  of  85  to  100  feet 
above  the  level  of  the  lowlands,  is  composed  of  irregularly  bedded 
sands  and  clays,  with  occasional  interstratified  layers  of  lignite,  refer- 
able to  the  Wilcox  and  Claiborne  formations  of  the  Eocene;  the 
former  outcrops  at  the  base  of  the  ridge  from  the  northern  boundary 
southward  to  about  the  middle  of  the  county,  and  the  latter  appears 
at  the  base  of  the  ridge  for  the  remainder  of  the  distance  to  the  south- 
em  boundary.  Undifferentiated  Eocene  deposits  containing  impor- 
tant water-bearing  beds  underlie  the  ridge  to  an  estimated  depth  of 
500  feet  or  more  and  extend  out  to  the  east  and  west  beneath  the  allu- 
vial deposits  of  the  lowlands,  the  thickness  of  which  ranges  from  125 
to  225  feet 

The  Eocene  deposits  are  underlain  by  strata  of  Cretaceous  age 
which  also  contain  water-bearing  beds.  At  an  unknown  depth,  esti- 
mated, however,  to  be  between  2,000  and  3,000  feet,  the  Cretaceous 
deposits  rest  on  a  basement  of  older  rocks,  probably  of  Paleozoic  age. 

In  Crowleys  Ridge  the  Eocene  strata  are  overlain  imconformably 
by  a  few  feet  to  40  feet  of  sands  and  gravels,  locally  indurated  to  hard 
conglomerates,  belonging  to  the  Lafayette  formation  (Pliocene?); 
these  materials  are  water  bearing  in  many  places.  The  Lafayette  is 
in  turn  overlain  in  part  by  deposits  of  loess  (Pleistocene)  reaching 
20  feet  or  more  in  thickness,  which,  where  present,  forms  the  capping 
material  of  the  ridge.  In  this  county  the  loess  has  in  places  been 
removed  from  the  crest  of  the  ridge  by  erosion,  leaving  the  gravels 
of  the  Lafayette  as  the  capping  material. 

In  the  Advance  lowland  the  Eocene  strata  are  overlain  by  an  esti- 
mated thickness  of  125  to  175  feet  of  Quaternary  alluvium  of  Pleisto- 
cene and  Becent  age.  The  Pleistocene  deposits  rest  imconformably 
on  the  Eocene  strata  and  outcrop  at  the  surface  in  the  interstream 
areas;  they  are  irregularly  bedded,  but  in  general  grade  downward 
from  loams  and  silty  clays  at  the  surface  through  fine  sands  to  coarse, 
water-bearing  sands  and  gravels  at  the  base.  The  Recent  alluvium 
immediately  underlies  the  flood  plains  of  the  present  streams.  The 
Mississippi  lowland  is  underlain  by  150  to  225  feet  of  Quaternary 
alluvial  loams,  clays,  and  water-bearing  sands  and  gravels  of  undif- 
ferentiated Pleistocene  and  Recent  age. 

WATER  BESOUBCES. 
OEKEBAL  00VDITI0N8. 

Ordinary  supplies, — ^Water  for  domestic  and  industrial  uses  is  ob- 
tained chiefly  from  wells  10  to  160  feet  deep ;  those  on  the  lowlands 
tap  the  abimdantly  water-bearing  sands  and  gravels  of  the  Quater- 
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nary  alluvial  deposits,  the  waters  of  which  stand  3  to  50  feet  below 
the  surface.  As  reported  by  the  well  owners,  some  of  the  waters  are 
soft,  some  are  hard,  and  some  are  f errugmous.  The  wells  in  Crowleys 
Ridge  tap  either  the  water-bearing  sands  and  gravels  of  the  Lafay- 
ette formation  or  the  water-bearing  sands  of  the  underlying  Eocme 
deposits. 

The  beds  of  sand  that  compose  in  part  the  Eocene  deposits  b^eatb 
Crowleys  Bidge  and  underlying  the  alluvial  deposits  of  the  lowlands 
to  an  estimated  depth  of  500  feet  or  more  contain  water-bearing  beds 
of  importance,  the  waters  of  which  are  under  suffici^it  hydrostatic 
pressure  to  lift  them  within  less  than  50  feet  of  the  surface,  except  in 
the  higher  parts  of  Crowleys  Eidge ;  in  the  Mississippi  lowland  they 
rise  within  a  few  feet  of  the  surface.  The  deeply  buried  Cretaceous 
water-bearing  beds  are  imder  hydrostatic  pressure,  which  in  the  Mis- 
sissippi lowland  is  sufficient  to  cause  strong  flows  at  the  surface,  is 
shown  by  the  2,007-foot  well  at  Marked  Tree  (No.  3,  p.  248). 

There  are  a  few  small  springs  in  Crowleys  Bidge,  but  these  do  not 
form  an  important  source  of  water. 

Irrigation. — ^Wells  for  irrigating  rice  lands  in  the  vicinity  of  Wal- 
denburg,  Weiner,  and  Whitehall  (Nos.  11-19,  p.  248)  range  in  deptii 
from  75  to  156  feet  and  yield  300  to  3,000  gallons  a  minute.  The  cost 
of  drilling  the  wells  and  installing  machinery  ranges  from  $500  to 
$2,800,  the  average  cost  based  on  seven  wells  being  at  the  rate  of  $787 
for  each  1,000  gallons  of  yield  a  minute,  or  at  the  rate  of  79  cents  for 
each  gallon  of  yield  a  minute. 

LOCAL  SUPPLIES. 

Harrisburg. — ^The  following  is  the  log  of  a  181-foot  well  at  Harris- 
burg  (population  942,  census  of  1910) ;  this  well  is  on  Crowleys  Ridge 
at  the  Vandiver  Hotel. 


Log  of  well  at  Vandiver  Hotel,  HarrUhurg. 
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a  Thicknesses  approximate. 


Mr.  C.  H.  Winters,  a  well  driller  of  Harrisburg,  has  furnished  the 
following  log  of  a  well  that  he  drilled  on  the  lowland  about  one- 
quarter  mile  west  of  the  foot  of  Crowleys  Ridge  at  Harrisburg: 
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Loff  of  well  in  western  part  of  the  town  of  Harrishurg, 
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The  following  incomplete  log  of  a  well  11  miles  northeast  of  Har- 
risburg,  owned  by  C.  Ripley,  has  been  prepared  from  a  set  of  well 
borings,  which  were  furnished  by  the  driller,  C.  H.  Winters,  and  are 
now  on  file  in  the  office  of  the  United  States  Geological  Survey  (well 
No.  1542). 

Incomplete  log  of  well  of  C.  Ripley^  11  miles  northeast  of  Harrisburg, 
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Marked  Tree. — ^A  flowing  well,  2,007  feet  deep,  owned  by  the  town 
of  Marked  Tree  (population  2,026,  census  of  1910),  was  completed  in 
1911  (No.  3,  p.  248).  No  municipal  water-supply  system  had  been 
installed  at  the  time  the  information  was  obtained.  Several  wells, 
approximately  400  feet  deep,  have  been  drilled  at  this  place  (Nos. 
4, 6, 6,  7,  p.  248).    The  log  of  one  of  them  follows: 

Log  of  well  of  Chapman  d  Dewey  Lumber  Co.,  Marked  Tree. 

INo.  7,  p.  248.J 
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Werner. — Mr,  John  White,  a  driller,  has  furnished  the  following 
log  of  a  well  owned  by  the  St.  Louis  Southwestern  Railway  at 
Weiner  (population  232,  census  of  1910) : 

Log  of  toell  of  the  St,  Louis  Southwestern  Railway  at  Weiner. 
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Wells  for  irrigation. — ^Wells  for  irrigating  rice  lands  have  been 
drilled  in  the  vicinity  of  Waldenburg,  Weiner,  and  Whitehall  (Nos. 
11-19,  p.  248) ;  the  logs  of  six  irrigation  wells  follow : 

Log  of  well  of  Scruggs  d  Swearengin,  2  miles  east  of  north  of  WoMenburg. 

(No.n,p.24&) 
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Partial  log  of  well  of  E,  L,  Jackson,  2^  miles  southwest  of  Waldenburg. 

[No.  12,  p.  248.] 


Thick- 
ness. 

Depth. 

Not  reported 

FUU 
25 

30 
46 

25 

Fhw  white  sand,  becoming  ooarsw,  wat^r  bflarix»g.  ^-r 

55 

flravel,  water  iM^aring ...  .7 r 

101 

Lofif  of  well  of  S.  F.  Wells,  1  mile  north  of  Weiner, 

[No.  14,  p.  248.] 
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Log  of  well  of  Clia$.  TJumpson,  ij  mttea  south  of  Weiner. 

{No.  16,  p.  34&] 
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Log  of  well  of  Frank  Housman,  S  miles  northeast  of  Weiner, 
[No.  16,  p.  348.] 
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Log  of  weU  of  B.  Jl.  McKinny,  li  miles  west  of  WhitehaU. 

[No.  18,  p.  248.] 
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FRATUrB  COIJHT7. 
PHY8I0GRAPHT. 

Prairie  Coanty,  in  the  eastrcentral  part  of  the  State,  comprises  an 
area  of  675  square  miles.  Its  population  was  13,853  in  1910.  Agri- 
culture, stock  raising,  and  lumbering  are  the  chief  industries.  The 
agricultural  products  include  vegetables,  hay,  cotton,  cereals,  and 
fruits,  such  as  apples,  peaches,  pears,  plums,  and  berries.  Rice  is 
grown  extensively  and  the  crop  is  n^idly  increasing  in  importance. 

The  county  is  included  within  the  Advance  lowland  (see  p.  25), 
the  surface  of  which  is  in  general  a  gently  undulating  or  rolling 
plain  lying  200  to  240  feet  above  sea  level,  and  sloping  slightly  to 
the  south.  White  River  flows  a  little  east  of  south  across  the 
county  and  leaves  it  about  10  miles  north  of  the  southeastern  cor- 
ner; Cache  River  forms  the  eastern  boundary  for  a  few  miles.  The 
channel  of  White  River  is  near  the  western  edge  of  the  flood  plain, 
and  all  the  county  east  of  this  river  is  in  the  heavily  timbered  flood 
plain  of  either  White  or  Cache  River,  an  area  characterized  by  nu- 
merous bayous,  lakes,  and  abandoned  stream  chaimels.  West  of 
White  River  and  north  of  the  Chicago,  Rock  Island  &  Pacific  Rail- 
way much  of  the  surface  is  timbered  land  lying  a  few  feet  higher 
than  the  flood  plains  and  slightly  lower  than  the  prairies.  South 
of  this  railroad  and  west  of  the  wooded  belt  bordering  White  River 
are  broad  stretches  of  grass-covered  prairie  separated  by  patches  and 
belts  of  slightly  lower  timbered  lands. 

The  principal  western  tributaries  of  White  River,  in  order  from 
north  to  south,  are  Cypress  Creek  and  its  eastward  extension,  Bayou 
Des  Arc,  Wattensaw  Bayou,  and  Bayou  Lagrue.  Bayou  Two  Prairie 
forms  the  western  boundary  for  a  distance  of  a  few  miles  in  the 
extreme  southwest. 

GEOLOGY. 

Quaternary  allu^nal  deposits  of  Pleistocene  and  Recent  age  inune- 
diately  underlie  the  surface  of  the  county  to  depths  of  125  to  180 
feet,  and  rest  unconformably  on  strata  of  Eocene  age.  The  Pleisto- 
cene deposits  immediately  overlie  the  Eocene  strata  and  outcrop  in 
the  interstream  areas;  they  are  irregularly  bedded  but  in  general 
grade  downward  from  fine  silty  loams  and  clays  at  the  surface  through 
fine  sands  to  coarse  water-bearing  sands  and  gravels  at  the  base. 
Fossil  logs  have  been  encountered  in  well  borings  at  several  places  in 
the  county.  Loams,  clays,  sands,  and  gravels  of  Recent  age  constitute 
the  flood-plain  materials  of  the  present  streams. 
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Only  meager  data  are  available  concerning  the  character  of  the 
Eocene  strata  underlying  the  alluvial  deposits,  but  from  general 
considerations  it  is  believed  that  they  consist  predominantly  of  sands 
and  clays,  and  doubtless  they  contain  water-bearing  beds.  The 
Eocene  strata  are  believed  to  be  underlain  by  strata  of  Cretaceous 
age,  also  in  part  water  bearing,  which  at  an  undetermined  depth, 
probably  not  exceeding  1,200  or  1,500  feet,  rest  upon  a  basement  of 
Paleozoic  rocks. 

WATER  RESOURCES. 
OSHERAL  OOVDITIOVB. 

Ordinary  supplies. — Water  for  domestic  and  industrial  uses  is 
obtained  chiefly  from  wells  25  to  180  feet  deep  that  tap  the  abun- 
dantly water-bearing  sands  and  gravels  of  the  Quaternary  alluvial 
deposits,  the  waters  of  which  stand  10  to  55  feet  below  the  surface. 
According  to  the  reports  of  well  owners,  some  of  the  waters  are  hard, 
some  are  soft,  and  an  occasional  one  is  ferruginous;  in  general  they 
are  of  suitable  quality  for  ordinary  uses.  Well  waters  having  a  salty 
taste  have  been  reported  from  the  northern  part  of  the  county  in  the 
western  half  of  T.  5  N.,  R.  5  W. 

The  waters  of  the  undifferentiated  Eocene  and  Cretaceous  deposits, 
which  intervene  between  the  alluvial  deposits  and  the  deeply  buried 
Paleozoic  basement  rocks,  may  be  obtained  by  means  of  wells  ranging 
in  depth  from  200  to  an  estimated  maximum  depth  of  1,200  or  1,500 
feet  These  are  under  hydrostatic  pressure  sufficient  to  bring  them 
within  less  than  50  feet  of  the  surface  but  not  sufficient  to  cause  flows. 

Irrigation. — ^Rice  culture  was  begun  in  this  county  shortly  after  the 
grain  was  first  successfully  grown  in  the  adjoining  county  of  Lonoke 
and  the  industry  rapidly  increased  in  importance.  Water  for  irri- 
gating the  rice  lands  is  obtained  from  wells  100  to  180  feet  deep  tap- 
ping the  water-bearing  beds  of  the  alluvial  deposits.  The  water 
level  in  these  wells  is  30  to  55  feet  below  the  surface,  and  the  water 
is  lifted  to  the  surface  by  means  of  pumps  of  large  capacity.  The 
oost  of  sinking  the  wells  and  installing  pumping  plants  varies  from 
$750  to  $2,200  per  well,  and  the  yield  ranges  from  700  to  3,000  gal- 
lons a  minute.  The  average  cost  based  on  six  wells  is  at  the  rate  of 
$1,180  for  each  1,000  gallons  of  yield  a  minute,  or  $1.18  for  each  gal- 
lon of  yield  a  minute.  Detailed  information  in  regard  to  nine  irriga- 
tion wells  is  given  in  the  table  on  page  254. 
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LOOALBUPniM. 

Hazen. — ^The  town  of  Haz^i  (population,  687,  census  of  1910)  is 
equipped  with  a  water-supply  system  owned  by  the  Hazen  Power  A, 
Light  Co.,  information  concerning  which  has  been  furnished  by 
Messrs.  W.  H.  and  W.  L.  Fox.  Water  is  obtained  from  two  welb 
60  and  80  feet  deep,  respectively  (Nos.  13  and  14,  p.  254).  The  water, 
which  is  hard,  is  lifted  by  a  pump  having  a  daily  capacity  of  15,000 
gallons  and  is  distributed  through  8;000  feet  of  mains. 

The  standpipe  pressure  is  30  pounds  per  square  inch  and  the  direct 
pressure  from  the  pumps  for  fire  protection  is  80  pounds  per  square 
inch.  The  daily  consumption  is  13,000  gallons  for  dcunestic  use  and 
2,000  gallons  for  manufacturing. 

Des  Arc. — Logs  of  two  wells  at  Des  Arc  (population  1,061,  census 
of  1910)  are  as  follows: 


Log  of  ioeU  of  Peter  Deforest,  De%  Arc 

[No.  2,  p.  264.1 
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Log  of  well  oumed  by  J.  W.  Pettep,  Des  Arc, 

(No.  3,  p.  264.] 
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WeUs  for  irrigation. — ^Wells  for  irrigating  rice  lands  have  been 
drilled  in  the  vicinity  of  Devall  Bluff,  Hazon,  and  XTlm,  detailed 
information  concerning  some  of  which  is  given  in  the  table  on  page 
254,    The  following  are  logs  of  two  irrigation  wells: 
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Log  0/  ¥XU  0/  Thonuu  Broa^  9i  mOea  v>€8t  of  DevaU  Bluff. 

(No.  10,  p.  364.] 
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Log  of  well  of  Mr,  Avery,  2  tnUes  southeast  of  Hazerk 

[No.  15,  p.  264.] 
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PXTLASEI  COIJHT7. 
PHYSIOGRAPHY. 

Pulaski  County,  in  the  central  part  of  the  State,  has  an  area  of  747 
square  miles  and  a  population,  according  to  the  c^isus  of  1910,  of 
86,751.  Only  that  part  of  the  county  lying  east  of  Arkansas  Biver 
and  east  of  the  Ozark  province  is  treated  in  detail  in  this  report 
Agriculture  is  the  chief  industry  and  the  principal  crops  are  cott<Hi. 
cereals,  vegetables,  and  hay 

The  greater  part  of  the  county  lying  west  of  the  St.  Louis,  Iron 
Mountain  &  Southern  Railway  is  included  in  the  Ozark  province,  an 
area  characterized  by  hills  and  ridges  which  trend  in  general  east 
and  west,  the  summits  of  which  are  500  to  1,000  feet  or  more  above 
sea  level.  The  remainder  of  the  county  is  part  of  the  Gulf  Coastal 
Plain,  here  topographically  subdivisible  into  the  upland  west  of  the 
Arkansas  River  bottom,  a  small  area  of  Tertiary  upland  near  Jack- 
sonville, and  the  Advance  lowland.  The  hills  of  the  upland  west  of 
Arkansas  River  are  400  to  500. feet  above  sea  level,  but  the  upland 
has  been  strongly  dissected  by  Fourche  and  Loran  creeks  and  their 
tributaries. 

The  Arkansas  River  flood  plain  forms  the  greater  part  of  the  Ad- 
vance lowland,  a  flat  or  gently  rolling,  heavily  timbered  plain,  which 
stands  230  to  250  feet  above  sea  level,  and  in  which  swamps,  lakes, 
abandoned  stream  channels,  and  bayous  are  numerous.  Arkansas 
Kiver  crosses  the  county,  flowing  southeastward  to  a  point  a  few  miles 
beyond  Little  Rock,  where  its  general  course  becomes  southerly. 

In  the  northern  part  of  the  lowland  small  interstream  areas  rise  a 
few  feet  above  the  flood-plain  level. 

GEOLOGY. 

Paleozoic  rocks  of  Ordovician  and  Carboniferous  age  outcrop  in  the 
Ozark  province.  They  are  separated  from  the  deposits  of  the  Coastal 
Plain  by  a  steep  southeastward-dipping  erosion  escarpment  which 
trends  northeast-southwest  within  a  few  miles  west  of  the  St  Louis, 
Iron  Mountain  &  Southern  Railway.  Along  the  line  of  this  escarp- 
ment the  upper  eroded  surface  of  the  Paleozoic  rocks  passes  under 
the  deposits  of  the  Coastal  Plain  and  extends  southeastward  beneath 
them. 

Strata  of  Tertiary  age,  including  the  Midway  formation  (Eocene) 
and  overlying  undifferentiated  Eocene  deposits,  outcrop  in  the  Coastal 
Plain  upland  west  of  Arkansas  River.  The  Midway  formation, 
which  consists  of  25  feet  or  more  of  limestones,  calcareous  sandstones, 
sands,  and  clays,  outcrops  in  a  narrow  area  along  the  northwestern 
margin  of  the  Coastal  Plain,  where  it  rests  unconformably  on  Pale- 


Digitized  by  VjOOQIC 


PULASKI  COUNTY.  257 

ozoic  rocks.  The  undifferentiated  Eocene  deposits,  which  consist  of 
unconsolidated  sands  and  clays,  overlie  the  Midway  formation  and 
come  to  the  surface  in  the  upland  southeast  of  the  Midway  area  and 
also  in  a  small  area  in  the  vicinity  of  Jacksonville,  in  the  northeastern 
part  of  the  county.  Two  to  5  miles  south  of  Little  Bock  is  a  hill  com- 
posed of  igneous  rocks  which  project  through  the  Tertiary  deposits. 
The  summit  of  the  hill  is  about  500  feet  above  sea  level. 

The  Tertiary  deposits  are  underlain  by  strata  of  Cretaceous  age 
which  at  Little  Bock  have  been  recognized  in  well  excavations  and 
questionably  recognized  in  a  few  poorly  exposed  outcrops.  The 
materials  immediately  underlying  the  Arkansas  Biver  bottom  to  esti- 
mated depths  of  100  to  200  feet  consist  of  Quaternary  alluvial  loams, 
clays,  sands,  and  gravels  which  contain  large  quantities  of  water. 
These  deposits  rest  on  undifferentiated  strata  of  Cretaceous  and 
Eocene  age  which  at  undetermined  depths  rest  on  the  southeastward- 
sloping  Paleozoic  basement  rocks. 

WATER  RESOURCES. 
OSHESAL  COVDinOVS. 

East  of  Arkansas  Biver  water  for  domestic  and  industrial  uses  is 
obtained  chiefly  from  wells  15  to  100  feet  deep  that  tap  the  sands  and 
gravels  of  the  Quaternary  alluvium  the  waters  of  which  stand  8  to 
30  feet  below  the  surface.  According  to  well  owners,  many  of  the 
waters  are  hard,  but  some  are  soft  and  some  are  ferruginous.  De- 
tailed information  concerning  wells  at  Argenta  and  at  Jacksonville 
is  given  in  the  table  on  page  260.  A  flowing  well  140  feet  deep  has 
been  obtained  at  Sweet  Home,  a  village  west  of  Arkansas  Biver  on 
the  St  Louis,  Iron  Mountain  &  Southern  Bailway,  about  6|  miles 
southeast  of  Little  Bock  (No.  14,  p.  260). 

The  undifferentiated  Eocene  and  Cretaceous  deposits  intervening 
between  the  alluvial  deposits  and  the  buried  Paleozoic  basement 
rocks,  except  in  close  proximity  to  the  margin  of  the  Ozark  province, 
doubtless  contain  water-bearing  beds  that  are  a  probable  source  of 
artesian  waters.  These  waters  are  under  hydrostatic  pressure  prob- 
ably sufficient  to  bring  them  within  less  than  50  feet  of  the  surface, 
but  it  is  doubtful  if  flowing  wells  can  be  obtained  in  the  Advance 
lowland  east  of  Arkansas  Biver.  The  static  head  of  the  flowing  well 
at  Sweet  Home  is  believed  to  be  due  to  conditions  that  are  only  of 
local  extent. 

LOCAL  SVPPLIEa 

Little  Rock. — ^The  mimicipal  water  supply  of  Little  Bock  (popu- 
lation 45,914,  census  of  1910)  is  obtained  from  Arkansas  Biver. 
Information  concerning  the  system  has  been  furnished  by  Mr.  G.  M. 
Gadsby,  superintendent  of  the  waterworks,  and  by  Mr.  George  P. 
Brown,  secretary  of  the  board  of  trade.  The  raw  water  is  first 
11674**— W8P  399—16 17 
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pumped  into  a  preliminary  sedimentation  basin  (holding  2,500,000 
gallons)  where  20  to  60  per  cent  of  the  suspended  matter  is  removed 
by  subsidence.  The  water  drawn  from  the  top  of  this  basin  at  one 
end  is  led  into  a  coagulating  basin  having  a  capacity  of  5,000,000 
gallons,  arranged  with  baffles  and  weirs  so  as  to  allow  the  most 
efficient  settling  of  the  coagulated  water.  From  this  coagulating 
basin  the  water  is  drawn  by  floating  outlets  to  the  filters,  the  pres- 
sure filters  being  placed  at  a  lower  elevation  so  that  the  water  flows 
through  them  into  the  clear-water  basin  by  gravity.  The  clear- 
water  basin  has  a  capacity  of  5,300,000  gallons  and  is  situated  at 
such  elevation  that  the  city  is  supplied  therefrom  by  gravity. 
Twenty-five  closed  pressure  filters  and  four  open  gravity  filters,  all 
of  the  rapid-sand  type,  have  been  installed,  the  pressure  filters  hav- 
ing a  total  sand  surface  of  2,284  square  feet  and  the  gravity  filters 
a  total  sand  surface  of  704  square  feet.  The  sand  is  agitated  dur- 
ing washing  by  the  wash  water,  which  is  forced  in  from  the  bottom 
of  the  filter  at  sufficient  pressure  to  float  the  sand  almost  to  the  top  of 
the  outlet  trough.  The  normal  capacity  of  the  plant  is  8,504,000 
gallons  and  the  daily  consimiption  is  about  4,000,000  gallons.  Alum 
and  iron  and  lime  are  used  as  coagulants,  the  kind  and  quantity 
of  the  coagulant  varying  with  the  quality  of  the  raw  water.  The 
filtered  water  is  also  treated  with  calcium  hypochlorite  as  it  enters 
the  clear-water  basin.  Though  it  is  not  intended  to  soften  the  water 
it  is  frequently  necessary  at  low  stages  to  use  sufficient  lime  to  have 
some  softening  effect.  The  water  varies  widely  in  its  mineral  con- 
tent, but  though  enough  chlorine  has  been  present  at  times  to  be 
slightly  noticeable  the  water  has  never  been  reported  as  brackish. 
It  is  generally  used  in  boilers  and  is  reported  to  be  satisfactory  with 
moderate  use  of  boiler  compound.  There  are  90  miles  of  mains, 
about  8,000  taps,  and  about  450  fire  hydrants. 

Argentcu — The  town  of  Argenta  (population,  11,138,  census  of 
1910)  is  equipped  with  a  water-supply  system  owned  by  the  American 
Waterworks  &  Guaranty  Co.  Information  concerning  it  has  been 
obtained  from  F.  G.  Smith,  acting  superintendent.  The  supply  is 
obtained  from  wells  that  tap  the  Quaternary  alluvial  deposits  and 
are  capable  of  yielding  2,000,000  gallons  daily.  There  are  25  miles  of 
mains.  A  pressure  of  55  pounds  per  square  inch  is  ordinarily  main- 
tained, but  this  can  be  raised  for  fire  protection  to  100  poimds  per 
square  inch.    The  daily  consimiption  is  500,000  gallons. 

The  St.  Louis,  Iron  Mountain  &  Southern  Railway  Co.  owns  nine 
wells  at  Argenta,  all  of  which  are  described  in  detail  in  the  table 
on  page  260  (Nos.  1-9).  One  well  is  at  the  site  of  the  new  shops  and 
the  other  eight  form  a  group  used  in  furnishing  the  boiler  supply  of 
locomotives.    The  logs  of  three  of  these  wells  are  as  follows: 
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Loffs  of  toetts  of  St.  Louis,  Iron  Mountain  d  Southern  Railway,  Argenta. 


At  lite  •€  new  diopi. 

lNo.l,p.260.] 


QuateniAry  alluvium: 

Loam 

Quicksand 

Bed  clay 

**Hardpan"orclay. 
Sandy  clay . 
Quicksand  . 


Gravel,  water  bearing 

Coarse    sand    and    bowlders, 
waterbearing 


Thick- 
ness. 


Feet. 


Depth. 


Feet. 


Well  No.  1  in  sro«p. 

[No.  2,  p.  260.] 


Artificial  fill: 

Cinders  and  clay 

Quaternary  alluvium: 

"Dry"  sand  and  clay 

Sand  and  gravel,  water  bearing. 


Thick- 
ness. 


Feet. 
10 


Depth. 


Feet. 


10 


40 
80 


Well  No.  4  in  ffronp. 

(No.  5,  p.  280.) 


Artificial  fill: 

Cinders  and  clay 

Quaternary  alluvium: 

Fine  sand 

Very  fine  sand 

Sand  and  gravel 


10 

35 

55 
80 


The  materials  penetrated  in  wells  Nos.  2,  3,  6,  7,  and  8  of  the  group 
were  of  the  same  character  as  those  encountered  in  well  No.  1, 
and  those  in  well  No.  5  of  the  group  were  of  the  same  character  as 
those  in  well  No.  4. 

Jacksonville. — The  log  of  a  well  owned  by  S.  Taylor,  seven-eighths 
of  a  mile  south  of  Jacksonville,  is  as  follows : 

J^ff  of  well  of  S,  Taylor,  seven-eighths  of  a  mile  south  of  Jacksonville  (SE,  i 
sec.  30,  T.  S  N.,  R.  10  W.). 


Thick 
ness. 


Depth. 


Qwatemary  alluvium: 
Hard  red  clay 


White  day. 

Variegated  clay;  stopped  on  soft,  water-bearing  sand. 


Feet. 
7 
4 
13 


Feet. 
7 
11 
24 


The  log  of  an  82-foot  well  at  Jacksonville,  on  the  property  of  A.  J. 
McBride,  drilled  in  1904,  has  been  furnished  by  the  owner  as  follows : 

Log  of  well  of  A.  J.  McBride,  Jacksonville. 


Thick- 


Depth. 


(Quaternary  alluvium]: 

Red  gumbo 

O.-ayday 

Blackclay 

lEocene  (Midway  formation  ?)): 
Limestone  (7),  water  bearing. 


rt. 

Feet. 

10 

10 

ao 

30 

40 

70 

12 

82 
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BAKBOLPH  COmSTTY. 
PHYSIOGRAPHY. 

Bandolph  County,  which  lies  west  of  Clay  and  Green  counties  and 
north  of  Lawrence  County,  embraces  an  area  of  674  square  miles.  Its 
population  at  the  time  of  the  census  of  1910  was  18,987.  Agriculture 
is  the  chief  industry,  the  products  including  cotton,  cereals,  vege- 
tables, and  Jiay. 

About  three-quarters  of  the  total  area  of  the  county  is  included  in 
the  Ozark  province,  a  hilly  upland  lying  400  feet  or  more  above  sea 
level.  A  triangular  area  in  the  southeast,  embracing  about  one- fourth 
of  the  county,  is  included  in  the  Advance  lowland,  a  topographic  sub- 
division of  the  Mississippi  embayment.  Only  that  part  of  the  county 
east  of  the  Ozark  province,  including  approximately  one-third  of  the 
area,  is  treated  in  this  report. 

The  surface  of  the  Advance  lowland  is  a  nearly  level  or  gently  roll- 
ing plain,  270  to  280  feet  above  sea  level,  separated  from  the  Ozark 
province  on  the  west  by  a  well-defined  escarpment.  Black  River 
flows  across  the  plain  from  the  eastern  border  of  the  county  westward 
to  Pocahontas,  and  thence  follows  along  the  foot  of  the  Ozark  Hills 
to  the  southern  boundary  of  the  county.  Near  Pocahontas  Black 
River  is  joined  by  Current  River,  which  flows  across  the  plain  from 
northeast  to  southwest.  The  greater  part  of  the  Advance  lowland  is 
included  in  the  broad  timbered  flood  plains  of  these  two  streams, 
although  in  the  extreme  southeastern  part  of  the  county  is  a  small 
area  of  gently  rolling  white  clay  land  having  the  characteristics  of  the 
interstream  areas. 

GEOLOGY. 

The  Ozark  province  is  underlain  by  Paleozoic  rocks  of  Cambrian 
and  Lower  Ordovician  age,  which  are  separated  from  the  deposits  of 
the  Coastal  Plain  on  the  east  by  a  steep,  southeastward-dipping,  ero- 
sion escarpment,  trending  northeast-southwest.  The  older  rocks  pass 
tmder  the  deposits  of  the  Coastal  Plain  and  extend  eastward  beneath 
them,  reaching  greater  depths  in  that  direction. 

The  Advance  lowland  is  underlain  by  an  estimated  thickness  of 
150  to  180  feet  of  Quaternary  alluvial  deposits  of  Pleistocene  and 
Recent  age.  The  Pleistocene  deposits  rest  on  strata  of  Eocene  or 
Cretaceous  age  and  outcrop  in  the  interstream  areas.  In  general  they 
grade  downward  from  silty  loams  or  clays  at  the  surf  ace  through  fine 
sands  to  coarse,  water-bearing  sands  and  gravels  at  the  base.  The 
Recent  alluviimi  appears  at  the  surface  in  the  flood  plains  of  Black 
and  Current  rivers. 

The  strata  of  Eocene  or  Cretaceous  age  do  not  outcrop  in  the 
county.    They  underlie  the  alluvium  which  is  underlain  in  turn  by 
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a  basement  of  Paleozoic  rocks  the  depth  of  which  has  not  been  de- 
termined by  borings  but  probably  nowhere  exceeds  500  or  600  feet 
The  Eocene  and  Cretaceous  deposits  consist  chiefly  of  imconsolidated 
sands  and  clays. 

WATER  RESOURCES. 

In  the  Advance  lowland  water  for  domestic  use  is  obtained  chiefly 
from  wells  15  to  100  feet  deep,  which  tap  the  water-bearing  sands  and 
gravels  of  the  Quaternary  alluvium.  The  water  stands  in  the  wells 
10  to  30  feet  below  the  surface.  As  reported  by  the  owners  the  well 
waters  are  in  general  soft  but  locally  they  are  ferruginous. 

Two  wells  owned  by  the  St.  Louis,  Iron  Mountain  &  Southern  Rail- 
way Co.  at  O'Kean  are,  respectively,  50  and  97  feet  deep,  and  8  and  10 
inches  in  diameter;  the  water  is  used  in  the  boilers  of  locomotives, 
the  consumption  being  1,200,000  gallons  per  month.  An  analysis  of 
the  mixed  waters  from  the  two  wells  is  given  in  the  table  opposite 
page  302  (No.  57). 

The  Eocene  and  Cretaceous  deposits  which  underlie  the  alluvium 
are  believed  to  contain  water-bearing  beds  which  could  be  reached 
by  wells  ranging  in  depth  from  180  to  500  or  600  feet  as  a  probable 
maximum.  The  hydrostatic  pressure  would  probably  be  sufficient  in 
most  places  to  bring  the  waters  within  less  than  50  feet  of  the  sur- 
face but  not  sufficient  to  cause  flows. 

ST.  FBAKCIS  COUKTY.* 

PHTSIOORAPHY. 

St.  Francis  County,  in  the  eastern  part  of  the  State,  comprises  an 
area  of  628  square  miles  and  has  a  population,  according  to  the  census 
of  1910,  of  22,548.  Agriculture  and  lumbering  are  the  principal  in- 
dustries. The  agricultural  products  include  cotton,  cereals,  and  hay. 
Sawmills  are  numerous. 

Three  topographic  subdivisions  of  the  Gulf  Coastal  Plain  are  rep- 
resented in  the  county — Crowleys  Ridge,  the  Advance  lowland,  and 
the  Mississippi  lowland. 

Crowleys  Ridge  is  a  belt  of  hilly,  partly  wooded  land,  1^  to  6  miles 
wide,  trending  north  and  south  a  little  west  of  the  center  of  the 
county ;  the  crest  of  the  ridge  is  about  370  feet  above  sea  level,  or  140 
to  160  feet  above  the  lowlands  to  the  east  and  west.  The  drainage  is 
effected  chiefly  by  small  streams  that  flow  either  eastward  into  St 
Francis  River  or  westward  into  L'Anguille  River,  but  Big  Crow 
Creek  heads  in  the  ridge  near  the  northern  boundary  of  the  county. 
flows  due  south  for  about  9  miles,  and  leaves  the  ridge  to  join  St 

*  A  detaUed  account  of  the  surface  features  and  the  geology  of  St.  Francis  i'oanty,  a^ 
companled  by  a  topographic  and  a  geologic  map,  is  given  by  R.  E.  Call  In  Arkansas  Oeol. 
Survey  Ann.  Kept,  for  1889,  vol.  2,  pp.  143-183. 
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Francis  River  near  Madison.    Both  the  eastern  and  western  slopes 
of  the  ridge  are  sharply  defined,  but  the  eastern  slope  is  the  steeper. 

The  part  of  the  county  west  of  Crowleys  Ridge  is  included  in  the 
Advance  lowland,  a  gently  undulating  plain  230  to  260  feet  above  sea 
level.  L'Anguille  River  traverses  this  plain  from  north  to  south  at 
a  distance  of  3  to  6  miles  west  of  Crowleys  Ridge.  From  the  foot  of 
the  ridge  westward  to  L'Anguille  River  the  plain  is  heavily  timbered, 
except  where  cleared  for  cultivation,  and  slopes  gradually  from  an 
elevation  of  about  260  feet  to  about  220  feet.  West  of  the  river  the 
plain  slopes  from  an  elevation  of  about  250  feet  in  the  north  to  about 
230  feet  in  the  south.  A  small  area  in  the  southwestern  part  of  the 
county  is  drained  by  Big  Creek,  a  tributary  of  White  River.  The 
flood  plains  of  the  streams  are  heavily  timbered  and  in  part  swampy. 
The  interstream  areas  west  of  L'Anguille  River  present  irregular 
patches  of  open,  grass-covered  prairie  land,  separated  by  slightly  de- 
pressed patches  and  belts  of  timbered  land. 

The  part  of  the  county  east  of  Crowleys  Ridge  is  included  in  the 
Mississippi  lowland,  a  heavily  timbered,  nearly  level  or  gently  undu- 
lating plain,  220  to  230  feet  above  sea  level ;  swamps,  lakes,  bayous, 
and  abandoned  stream  channels  are  nimierous.  The  drainage  is  ef- 
fected by  St.  Francis  River,  which  flows  from  north  to  south  in  the 
western  part  of  the  lowland,  following  a  course  which  in  detail  is  very  ' 
sinuous.  Much  of  the  area  is  subject  to  overflow  from  St.  Francis  and 
Mississippi  rivers. 

GEOLOGT. 

Strata  of  Eocene  age  compose  the  core  of  Crowleys  Ridge  to  a 
height  of  20  to  70  feet  above  the  level  of  the  lowlands  to  the  east  and 
west.    The  deposits  are  irregularly  bedded,  dark  to  light  clays,  in 
part  lignitic,  and  subordinate  beds  of  dark  to  light-colored  sands,  in 
part  glauconitic.    Locally,  the  clays  contain  large  numbers  of  inver- 
tebrate fossils,  of  which  Oatrea  alabamiensis  Lea  is  the  most  abun- 
dant and  most  conspicuous  species.    The  fossiliferous  stratum  has 
been  determined  by  Vaughan  to  be  of  lower  Jackson  age.     (See  p. 
82.)    Undifferentiated  strata  of  Eocene  age  underlie  Crowleys  Ridge 
to  an  estimated  depth  of  800  or  1,000  feet,  and  beds  of  this  age  ex- 
tend out  under  the  lowlands  both  to  the  east  and  west  of  the  ridge, 
where  they  are  overlain  by  Quaternary  alluvium,  whose  estimated 
thickness  ranges  from  125  to  225  feet.    The  Eocene  deposits  contain 
important  water-bearing  beds,  that  have  been  tapped  by  deep  wells 
at  Forrest  City.    The  Eocene  deposits  are  underlain  by  deposits  of 
Cretaceous  age,  which  are  thought  to  contain  water-bearing  beds ;  at 
an  undetermined  depth,  probably,  however,  not  exceeding  3,000  feet, 
the  Cretaceous  strata  rest  upon  a  basement  of  rocks  believed  to  be  of 
Paleozoic  age. 
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The  Eocene  strata  of  Crowleys  Ridge  are  unconf  ormably  overlain 
by  10  to  40  feet  of  coarse  sands  and  gravels,  in  part  water-bearing, 
belonging  to  the  Lafayette  formation  (Pliocene?)  and  this  formation 
is  in  turn  overlain  by  loess  of  Pleistocene  age,  ranging  in  thickness 
from  a  few  feet  to  80  feet  or  more.  The  loess  is  the  capping  material 
of  the  ridge.  Both  the  Lafayette  and  the  loess  are  found  blanketing 
the  slopes  of  the  ridge ;  in  places  these  materials  have  reached  their 
present  position  either  by  redeposition,  landslides,  or  creep,  but  at 
many  places  it  is  difficult  to  distinguish  between  the  original  and  the 
disturbed  deposits. 

The  Quaternary  alluvium  which  inunediately  underlies  the  surface 
in  the  Advance  lowland  west  of  Crowleys  Kidge  to  depths  of  140  to 
200  feet  is  in  part  of  Pleistocene  and  in  part  of  Recent  age.  The 
Pleistocene  deposits  which  outcrop  in  the  interstream  areas  are  irreg- 
ularly bedded  but  in  general  grade  downward  from  fine  loams  and 
silty  clays  through  fine  sands  to  coarse,  abundantly  water-bearing 
sands  and  gravels  which  rest  unconf  ormably  on  Eocene  strata.  The 
Recent  deposits  are  loams,  clays,  sands,  and  gravels  forming  the 
flood-plain  materials  of  the  present  streams. 

The  Quaternary  alluvium,  which  underlies  the  Mississippi  lowland 
to  depths  estimated  at  125  to  225  feet,  consists  of  loams,  clays,  and 
gravels,  the  coarser  portions  of  which  are  abundantly  water  bearing. 
The  materials  immediately  beneath  the  surface  are  probably  entirely 
of  Recent  age,  but  Pleistocene  beds  probably  intervene  between  the 
Recent  and  the  underlying  Eocene  strata. 

WATER   RESOURCES. 
OEHERAL  C0VDITX0H8. 

Ordinary  supplies. — ^Water  for  domestic  and  industrial  use  is  ob- 
tained chiefly  from  wells  20  to  200  feet  deep.  Wells  in  Crowleys 
Ridge  tap  either  the  water-bearing  sands  and  gravels  of  the  Lafay- 
ette formation  or  the  water-bearing  sands  of  the  underlying  Eocene 
deposits,  the  waters  of  which  rise  within  20  to  125  feet  of  the  surface. 
Wells  in  the  lowlands  tap  the  water-bearing  sands  and  gravels  of  the 
Quaternary  alluviuln.  According  to  the  reports  of  the  owners  most 
of  the  well  waters  are  hard  and  some  are  strongly  ferruginous,  but  a 
few  are  soft. 

The  Eocene  strata  that  underlie  Crowleys  Ridge  to  an  estimated 
depth  of  800  to  1,000  feet  and  extend  out  to  the  east  and  west  of  the 
ridge  beneath  the  Quaternary  alluvium,  contain  water-bearing  beds 
in  which  the  waters  are  under  hydrostatic  pressure;  in  Crowleys 
Ridge  they  will  rise  within  less  than  150  feet  of  the  surface,  in  tiie 
lowland  east  of  the  ridge  within  less  than  20  feet  of  the  surface,  and 
in  the  lowland  west  of  the  ridge  within  30  to  60  feet  of  the  surface. 
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The  deeply  buried  Cretaceous  deposits  are  believed  to  contain 
water-bearing  beds  which  would  be  reached  by  wells  1,000  feet  or 
more  in  depth.  In  the  Mississippi  lowland  waters  from  depths  of 
1,200  feet  or  more  would  probably  be  under  suflScient  hydrostatic 
i;ressure  to  flow  at  the  surface. 

Small  springs  are  numerous  in  Crowleys  Ridge  and  are  utilized  to 
some  extent  for  domestic  and  farm  supplies. 

Irrigation. — Rice  culture  has  become  an  important  industry  on  the 
prairies  in  the  western  part  of  the  county,  and  water  for  irrigating  the 
rice  lands  is  obtained  from  welk  125  to  190  feet  deep.  The  cost  of 
sinking  the  wells  and  installing  pumping  plants  ranges  from  $1,000 
to  $3,500  per  well,  and  the  yield  ranges  from  600  to  2,500  gallons  a 
minute.  The  average  cost  based  on  nine  wells  is  at  the  rate  of 
$1^6  for  each  1,000  gallons  of  yield  a  minute,  or  $1.28  for  each 
gallon  of  yield  a  minute. 

Detailed  information  concerning  14  irrigation  wells  is  given  in  the 
table  on  page  268. 

LOCAL  8T7PPLIE8. 

Forrest  City, — Forrest  City  (population,  2,484,  census  of  1910)  is 
equipped  with  a  water  supply  drawn  from  three  wells,  respectively, 
425,  4254-,  and  450  feet  in  depth  (Nos.  3-5,  p.  268).  The  principal 
water-bearing  bed  is  in  Eocene  deposits  at  a  depth  of  400  feet,  and 
the  water  rises  within  70  feet  of  the  surface.  The  standpipe  pressure 
is  70  pounds  j>er  square  inch.  The  wells  yield  an  adequate  supply  of 
water  of  satisfactory  quality. 

A  well  at  the  Choctaw  Brick  Plant,  three-quarters  of  a  mile  east 
of  the  town,  is  600  feet  deep  and  taps  a  water-bearing  bed  in  the 
Eocene  deposits  (No.  6,  p.  268). 

WeUs  for  irrigation, — ^\^''ells  for  irrigating  rice  lands  have  been 
drilled  in  the  western  part  of  the  county  in  the  vicinity  of  Goodwin, 
Wheetley,  and  east  and  northeast  of  Zent  (Monroe  County) .  A.  Boy- 
sen  &  Sons  own  nine  wells  near  Wheetley,  in  Tps.  3  and  4  N.,  R.  1  W. 
(See  No.  11,  p.  268.)  Mr.  A.  Boysen  states  that  the  wells  pass  through 
essentially  the  succession  of  strata  given  in  the  following  log: 

Averafje  log  of  nine  wells  of  A,  Boysen  rf  Sons  near  Wheetley. 
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Gravel,  becoming  coarser  toward  base,  water  bearing;  drilling  is  discontinued  when 
clay  is  struck  at  a  depth  of  145  feet 
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Log  of  well  of  the  LuTialliii  Co,,  in  the  SE.  1  see,  6,  T,  4  N.,  R,  1  W. 

fNo.  19,p.268.1 
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Soil  and  Pleistocene  alluvium: 
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Pine  sand,  water  bearing 
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Sand,  water  bearing 

Blue  shale 
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The  last  well  was  drilled  to  the  depth  indicated  (462  feet)  to  deter- 
mine if  larger  quantities  of  water  could  be  obtained  from  deeper 
water-bearing  beds  than  from  the  sands  and  gravels  of  the  alluvial 
deposits,  with  negative  results. 

The  logs  of  three  other  irrigation  wells  (Nos.  20-22,  p.  268)  in  T.  3 
N.,  R.  1  W.,  are  as  follows : 

Log  of  well  of  Norton  Bros.,  of  BrinkUy,  Ark.,  in  the  ^W.  \  see.  8,  T.  J^  2V., 

R.  1  W. 


(No. 

20,  p.  2C8.1 

Thick- 
ness. 

Depth. 

Soil  and  Pleistocene  aUuvium: 

SoU 

Feet. 
1.5 
16.6 
32 
25 
25 
63 
17 

.8 

Feet. 
1.6 

Clay 

18 

Quicksand 

50 

Pine  sand 

75 

Sand,  water  bearing 
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163 
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Eocene  (?): 

Blue  clay 

180.8 

Log  of  well  of  0.  E.  Barber,  in  the  S.  i  sec.  5,  T.  4  N.,  R.  1  W, 

[  No.  21,  p.  268.1 


Thick- 


Depth. 


Son  and  Pleistocene  alluvium: 
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Sand  and  gravel,  water  bearing.. 
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Log  of  well  of  Mr.  Oliphant,  11  miles  northeast  of  Zcnt,  in  the  W.  i  sec.  6, 

T.  4  N.,  R.  1  W. 

(No.  22,  p.  268.1 


Pleistocene  alluvium: 
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Fine  sand 

Coarse  sand  and  gravel,  water  bearing. . 
Coarse,  bluish  sand,  water  bearing , 
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270      GEOLOGY  AND  GROUND  WATERS,  NORTHEASTERN  ARKANSAS. 

WHITE  COTTNTY. 
PHYSIOGRAPHY. 

'  White  County,  in  the  northeast-central  part  of  the  State,  comprises 
an  area  of  1,037  square  miles.  Its  population  at  the  time  of  the 
census  of  1910  was  28,574.  The  principal  industry  is  agriculture,  the 
products  including  cotton,  cereals,  vegetables,  and  hay. 

The  county  is  topographically  divisible  into  two  parts.  The  part 
west  of  a  line  running  northeast-southwest  a  few  miles  west  of  the 
St.  Louis,  Iron  Mountain  &  Southern  Railway  is  the  Ozark  province, 
a  strongly  dissected  upland  lying  400  to  1,000  feet  or  more  above 
sea  level  and  containing  about  three-fifths  of  the  total  area  of  the 
county.  The  remainder  of  the  county  is  included  in  the  Gulf  Coastal 
Plain,  the  greater  part  of  which  is  a  nearly  level  or  gently  rolling 
plain  known  as  the  Advance  lowland,  lying  215  to  230  feet  above  sea 
level.  Only  that  part  of  the  county  lying  east  of  the  Ozark  province 
is  treated  in  this  report 

Along  the  western  margin  of  the  Coastal  Plain  in  the  northern 
part  of  the  county  bordering  the  Ozark  province  is  a  narrow  terrace 
or  ridge  more  or  less  clearly  defined,  forming  the  southern  extremity 
of  the  Grandglaise  terrace,  the  crest  of  which  is  250  to  300  feet  above 
sea  level,  or  40  to  50  feet  above  the  lowland  to  the  east.  Bordering 
the  Ozark  province,  southwest  of  Beebe  in  the  southern  part  of  the 
county,  there  is  also  a  small  hilly  tract,  which  rises  somewhat  above 
the  level  of  the  Advance  lowland. 

White  River  forms  the  eastern  boundary  of  the  county.  Little  Eed 
River  leaves  the  Ozark  province  near  Searcy,  flows  a  little  south  of 
east,  and  joins  White  River  about  6  miles  north  of  the  southeastern 
corner  of  the  county.  Bayou  des  Arc,  a  tributary  of  White  River, 
forms  the  greater  part  of  the  southern  boundary.  The  broad  flood 
plains  of  these  streams  are  heavily  timbered,  and  swamps,  bayous, 
and  abandoned  stream  channels  are  nimierous.  The  interstream  areas 
are  gently  rolling  and  are  for  the  most  part  timbered  except  where 
cleared  for  cultivation.  There  are  a  few  patches  of  prairie  land  in 
the  southern  part  of  the  county. 

GEOLOGY. 

The  Ozark  province  is  underlain  by  undifferentiated  Paleozoic 
sandstones  and  shales  of  Pennsylvanian  age.  They  are  separated  from 
the  deposits  of  the  Coastal  Plain  on  the  east  by  a  relatively  steep, 
eastward-facing  erosion  escarpment  along  the  line  of  which  the  older 
rocks  pass  under  the  deposits  of  the  Coastal  Plain  and  extend  east- 
ward beneath  them,  lying  deeper  in  that  direction.  The  Paleozoic 
rocks  have  been  reached  in  wells  east  of  the  escarpment  at  a  few 
-places  along  the  St.  Louis,  Iron  Mountain  &  Southern  Railway.    (See 

Ts  of  wells,  p.  272.) 
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The  deposits  of  the  Coastal  Plain  are  of  Cretaceous,  Tertiary,  and 
Qnatemary  age.  So  far  as  known  Cretaceous  strata  do  not  outcrop 
within  the  county,  but  marl  containing  characteristic  Cretaceous  fos- 
sils has  been  taken  from  a  well  at  Beebe  between  the  depths  29  and  64 
feet-^  Strata  of  this  age  are  believed  to  underlie  all  the  Coastal  Plain 
portion  of  the  county.  They  rest  upon  the  rocks  of  the  Paleozoic 
basement  and  are  overlain  by  Eocene  and  younger  deposits. 

Marls  and  limestone  belonging  to  the  Midway  formation  of  the 
Eocene  outcrop  at  a  few  places  in  the  Grandglaise  terrace  and  marls, 
probably  of  Midway  age,  have  been  recognized  in  well  borings  near 
Beebe.  Undifferentiated  strata  of  Eocene  age  are  believed  to  make 
up  the  body  of  some  low  hills  southwest  of  Beebe.  East  of  the 
Grandglaise  terrace  in  the  Advance  lowland  undifferentiated  strata 
of  Eocene  age  are  believed  to  be  present,  resting  upon  the  deeply 
buried  Cretaceous  strata  and  overlain  by  100  to  150  feet  of  Quater- 
nary alluvial  deposits.  Both  the  Eocene  and  underlying  Cretaceous 
deposits  probably  contain  important  water-bearing  beds. 

The  Quaternary  alluvium,  which  immediately  underlies  the  Ad- 
vance lowland  to  estimated  depths  of  100  to  150  feet,  is  of  Pleisto- 
cene and  Recent  age.  The  Pleistocene  deporits,  though  irregularly 
bedded,  in  general  grade  downward  from  fine  silty  clays  or  sands  at 
the  surface  through  fine  sands  to  coarse  abundantly  water-bearing 
sands  and  gravels  at  the  base.  They  rest  imconformably  upon  Pale- 
ozoic, Cretaceous,  and  Eocene  strata  and  outcrop  in  the  interstream 
areas.  Becent  loams,  clays,  sands,  and  gravels  compose  the  flood- 
plain  deposits  of  the  present  streams. 

WATER  RESOURCES. 
OEVEBAL  COVDITIOVS. 

In  the  Coastal  Plain  area  water  for  domestic  and  industrial  uses 
is  obtained  chiefly  from  wells  15  to  80  feet  deep.  In  the  Advance 
lowland  wells  that  yield  sufficient  water  for  ordinary  domestic 
supplies  tap  the  water-bearing  sands  and  gravels  of  the  Quaternary 
alluvial  deposits,  and  in  the  Grandglaise  terrace  beds  belonging  to 
the  Midway  formation  are  the  source  of  supply.  The  waters  stand 
in  the  wells  10  to  50  feet  below  the  surface  and,  according  to  the 
reports  of  well  owners,  many  are  hard,  some  are  soft,  and  some  are 
ferruginous.  In  a  considerable  area  in  the  eastern  part  of  the  county, 
particularly  in  the  vicinity  of  West  Point,  Worden,  and  east  of 
Russell,  waters  having  a  distinct  brackish  taste,  probably  due  to  com- 
mon'salt,  are  obtained. 

Small  springs  which  emerge  from  strata  of  the  Midway  forma- 
tion are  numerous  along  the  narrow  ridge  or  terrace  known  as  the 

^HarrlB,  O.  D.,  The  Tertiary  geology  of  southern  Arkansas:  Arkansas  Geol.  Surrey 
Ann.  Bept.,  yol.  2,  pp.  10,  11,  1892. 
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Grandglaise  terrace,  and  are  utilized  to  some  extent  for  domestic 
supplies. 

The  undifferentiated  Cretaceous  and  Eocene  deposits  which  inter- 
vene between  the  Quaternary  alluvium  and  the  Paleozoic  basement 
rocks  are  believed  to  contain  important  water-bearing  beds  that 
would  be  reached  by  wells  ranging  in  depth  from  150  to  200  feet 
near  the  western  part  of  the  area  to  a  maximum  of  800  or  1,000 
feet  in  the  extreme  southeastern  part.  These  waters  are  under  hydro- 
static pressure  probably  sOfficient  to  bring  them  within  50  feet  or 
less  of  the  surface. 

LOCAL  BUPPLZES. 

Bald  Knob, — At  Bald  Knob  (population  617,  census  of  1910)  the 
St.  Louis,  Iron  Mountain  &  Southern  Railway  Co.  obtains  water  for 
locomotives  from  a  well  225  feet  deep  (No.  1,  p.  273),  which  enters 
Paleozoic  rocks  at  a  depth  of  31  feet;  the  water,  which  rises  within 
38  feet  of  the  surface,  comes  from  a  crevice  in  these  rocks  at  a  depth 
of  193  feet.  The  well  yields  4,000,000  gallons  a  month.  When 
pumped  at  the  rate  of  5,000  gallons  an  hour  the  static  head  is  reduced 
4  feet  and  5  inches.    (See  analysis  64,  p.  302.) 

The  following  is  a  log  of  the  well : 

lA)g  of  well  of  the  St,  Louis,  Iron  Mountain  d  Southern  Railway,  Bald  Knob. 
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Hard  rock 

Soft  blue  rock 
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Soft  black  rock 

Hard  rock;  at  a  depth  of  193  feet  a  crevice  was  struck,  which  is  believed  to  furnish 
the  principal  water  supply 
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nigginaon, — The  St.  Louis,  Iron  Mountain  &  Southern  Railway 
Co.  owns  two  wells  at  Higginson  (population  192,  census  of  1910), 
each  62.5  feet  deep  (Nos.  2  and  3,  p.  273).  They  tap  the  coarse  sands 
and  gravels  at  the  base  of  the  Quaternary  alluvium  and  yield  at  the 
rate  of  3,600,000  gallons  a  month.  An  analysis  of  the  mixed  water 
from  the  two  wells  is  given  in  the  table  opposite  page  302  (No.  65). 
The  following  is  a  log  of  one  of  the  wells: 

Log  of  well  of  the  St,  Louis,  Iron  Mountain  d  Southern  RaUtoay,  HigginiO^ 
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WOODBTJFF  COTTNTY. 
PHYSIOGRAPHY. 

Woodruff  County,  in  the  northeast-central  part  of  the  State,  em- 
braces an  area  of  577  square  miles.  The  census  of  1910  reported  its 
population  to  be  20,049.  Agriculture  is  the  chief  industry,  the  prin- 
cipal crops  being  cotton,  com,  rice,  and  hay. 

The  county  is  included  in  the  topographic  subdivision  of  the  Gulf 
Coastal  Plain  known  as  the  Advance  lowland,  the  surface  of  which  is 
in  general  a  gently  undulating  plain  190  to  235  feet  above  sea  level 
and  sloping  slightly  to  the  south.  White  River  forms  the  western 
boundary;  Cache  River  enters  the  county  in  the  north  and  flows  a 
little  west  of  south  entirely  across  the  county.  The  area  between 
White  and  Cache  rivers  is  heavily  timbered  and  is  nearly  all  in- 
eluded  in  the  flood  plain  of  the  two  streams;  it  is  characterized  by 
swamps,  bayous,  and  lakes,  separated  by  low  ridges  of  sand  or  sandy 
loam.  Bayou  De  Vue  enters  the  county  in  the  northeastern  comer 
and  flows  a  little  west  of  south  to  the  southern  boundary.  Between 
Cache  River  and  Bayou  De  Vue  and  15  or  20  feet  higher  than  the 
flood  plain  to  the  west  is  a  belt  of  land  locally  known  as  Nubbin 
Ridge,  which  has  been  largely  cleared  for  cultivation.  East  of 
Bayou  De  Vue  the  surface  presents  irregular  patches  of  grass-covered 
prairie  separated  by  tracts  of  slightly  depressed  timbered  lands. 

GEOLOGY. 

Quaternary  alluvium  of  Pleistocene  and  Recent  age  underlies  the 
surface  to  depths  estimated  at  125  to  165  feet.  The  Pleistocene  de- 
posits rest  unconformably  upon  Eocene  strata  and  outcrop  in  the 
higher  interstream  areas  in  the  eastern  half  of  the  county  and  to  a 
small  extent  in  the  northern  part  of  the  county.  Although  irregularly 
bedded  they  grade  downward  in  general  from  fine  silty  loams  or 
clays  at  the  surface,  through  fine  sands  to  coarse  water-bearing  sands 
and  gravels  at  the  base.  Recent  alluvial  loams,  clays,  sands,  and 
gravels  underlie  the  flood  plains  of  the  present  streams  to  an  unde- 
termined depth. 

The  Eocene  strata  which  underlie  the  Quaternary  alluvium  are 
probably  several  hundred  feet  thick  and  are  in  turn  underlain  by 
Cretaceous  deposits  which,  at  a  depth  of  900  to  1,200  feet  or  more, 
rest  upon  Paleozoic  basement  rocks.  The  only  definite  information 
available  concerning  the  character  of  the  undifferentiated  Eocene 
and  Cretaceous  strata  is  furnished  by  a  900-foot  well  at  Augusta, 
which  is  reported  to  have  penetrated  "  dry  "  blue  clay  from  a  depth 
of  145  feet  to  a  depth  of  900  feet,  where  hard  rock,  probably  Paleozoic 
basement  rock,  was  struck. 
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WATER  RESOURCES. 

OENEBAL  COKDinOHS. 

« 

Water  for  domestic,  industrial,  and  irrigation  supplies  is  obtained 
chiefly  from  wells  10  to  165  feet  deep  which  tap  the  abundantly  water- 
bearing sands  and  gravels  of  the  Quateniary  alluvium.  The  water 
stands  in  the  wells  a  few  feet  to  40  feet  below  the  surface,  and,  accord- 
ing to  the  reports  of  the  well  owners,  most  of  the  waters  are  soft  but  a 
few  are  hard. 

Although  the  900- foot  well  at  Augusta  is  reported  to  have  encoun- 
tered only  non  water-bearing  clays  from  a  depth  of  145  to  900  feet, 
it  is  believed  that  this  condition,  if  accurately  reported,  is  of  local  ex- 
tent and  that  elsewhere  the  prospects  are  good  for  obtaining  water 
from  interbedded  sandy  layers  in  these  undifferentiated  Eocene  and 
Cretaceous  deposits.  Such  waters  would  be  under  hydrostatic  pres- 
sure which  would  probably  bring  them  within  less  than  50  feet  of  the 
surface. 

LOCAL  STTPPLIES. 

Augusta. — ^The  municipal  water  supply  of  Augusta  (population 
1,520,  census  of  1910),  the  county  seat,  is  owned  by  Campbell  & 
Vinson.  The  water  is  obtained  from  two  wells,  100  feet  deep  (Nos. 
1  and  2,  p.  278),  whose  combined  daily  yield  is  200,000  gallons.  A 
Cook  strainer  is  inserted  in  the  lower  20  feet  of  each  well.  The  water 
is  distributed  at  a  pressure  of  40  pounds  per  square  inch  from  a 
standpipe  holding  50,000  gallons.  The  level  of  the  water  in  the  wells 
is  said  to  fluctuate  with  the  level  of  White  River,  the  maximum  range 
being  from  20  to  40  feet  below  the  surface.  The  water  is  strongly 
ferruginous. 

The  following  log  of  a  900- foot  well  drilled  at  Augusta  some  time 
ago  is  based  on  the  oral  statements  of  citizens,  and  tiie  character  and 
thickness  of  the  strata  are  therefore  given  only  approximately. 

Log  of  900'foot  tvcll  at  Augusta. 

[No.  3,  p.  278.] 
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Depth. 


Quateraary  anuvium: 

Yellow  clay  loam 

Sand,  water  bearing 

Not  reported 

UndiHerentiated  Eocene  and  Cretaceous: 

**Dry"  blue  clay;  stopped  drilling  on  hard  rock., 


Ftet, 
30 
70 
45 

755 


fUt, 
30 
100 
145 


Cotton  Plant. — The  municipal  water  supply  of  Cotton  Plant 
(population  1,081,  census  of  1910),  information  concerning  which 
has  been  furnished  by  F.  H.  Kennedy,  postmaster,  is  obtained  from 
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a  shallow  well  36  (?)  feet  deep  and  is  distributed  from  a  50,000- 
gallon  tank.«  The  water  is  soft  and  the  daily  consumption  is  15,000 
gallons. 

WeUs  for  irrigation. — ^Rice  is  grown  on  the  prairies  in  the  eastern 
part  of  the  county  and  water  for  irrigation  is  obtained  from  wells 
100  to  160  feet  deep,  yielding  1,600  to  2,500  gallons  a  minute.  De- 
tailed information  concerning  five  irrigation  wells  is  given  in  the 
table  on  page  278  (Nos.  7-11).  The  logs  of  three  of  these  wells 
follow : 

Log  of  weU  of  the  Hunter  Land  d  Rice  Co.,  near  Hunter. 

INo.  8,  p.  278.] 


Thick- 
ness. 


Depth. 


SoO  and  Pleistooene  alluvhim: 

Soa 

Clay 

"Hardpan" 

Quicksaod 

Finesand,  water  bearing 

Coane  sand,  water  bearing 

Gravel  and  bowlders,  water  bearing;  stopped  on  blue  clay,  probably  of  Eocene  age 


Feet. 
1.25 
.76 
16 
22 
80 
20 
37 


Feet. 
1.25 
2 
18 
40 
70 
90 
127 


The  driller  states  that  gas  was  encountered  in  this  well  with  pres- 
sure suflScient  to  lift  the  tools  4  inches. 


Log  of  well  No,  2  of  the  Hunter  Land  d  Rice  Co.,  near  Hunter, 

[No.  7.  p.  278.] 


Thick- 


Depth. 


8o0  and  Pleistooene  alluvium: 

8oU 

Clay 

"Hardpan" 

Quicksand 

Fine  sand,  water  bearing , 

Coarse  sand,  water  bearmg 

Gravel  and  bowlders,  water  bearing 
Eocene  (T): 

Blue  clay , 


Feet. 

Feet. 

1.6 

1.5 

1 

2.6 

14.5 

17 

33 

50 

30 

80 

20 

100 

55 

155 

1 


156 


Log  of  well  of  H.  L.  Baker,  1}  miles  southwest  of  Hunter. 

INo.  9,  p.  278.] 


Thfck- 
ness. 


Depth. 


Soil  and  Pleistocene  allavitun: 

Son 

Bluish  -white  clay 

Quicksand 

Cnaracter  not  stated  but  the  materials  are  slightly  water  bearing 

Fine  gravel,  water  bearing 

Coarser  gravel,  water  bearing 

Sand  and  gravel,  water  bearing 


Feet. 

3 
12 

8 
42 

0 
10 
18 


Feet. 
8 
16 
23 
66 
74 
90 
106 
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CHEMICAL  CHARACTER  OF  THE  WATERS  OF  NORTH- 
EASTERN ARKANSAS. 


By  R.  B.  Dole. 


STANDARDS  OF  CLASSIFICATION. 

MINEBAL  CONSTXTUENTS  OF  WATEB. 

The  substances  that  may  be  present  in  natural  waters  are  classified 
for  analysis  as  suspended  matter,  such  as  particles  of  clay  or  leaves ; 
dissolved  matter,  either  of  mineral  or  organic  origin;  microscopic 
animals  or  plants;  and  bacteria.  The  presence  of  very  small  ani- 
mals and  plants  likely  to  aflfect  the  quality  of  waters  is  determined 
by  microscopic  examination,  and  the  chance  of  contracting  disease 
by  drinking  the  water  is  studied  by  bacteriologic  processes.  The 
amount  and  nature  of  the  mineral  ingredients  are  most  commonly 
determined  by  estimating  the  total  suspended  matter,  total  dissolved 
matter,  total  hardness,  total  alkalinity,  silica,  iron,  aluminum,  cal- 
cium, magnesium,  sodium,  potassium,  carbonate,  bicarbonate,  sul- 
phate, nitrate,  chloride,  free  carbon  dioxide,  and  free  hydrogen 
sulphide.  These  estimates  are  a  measure  of  the  materials  most  com- 
monly present  and  most  likely  to  aflfect  the  value  of  the  waters. 

WATEB  FOB  BOILEB  USE. 

FORMATION  OF  SCALE. 

The  most  common  trouble  in  boilers  is  formation  of  scale,  for 
when  the  water  is  heated  under  pressure  and  concentrated  certain 
substances  are  thrown  out  of  solution  and  form  an  incrustation  on 
the  flues  or  crown  sheets  or  within  the  tubes.  This  scale  or  incrusta- 
tion includes  practically  all  the  suspended  matter  or  mud ;  the  silica, 
probably  precipitated  as  the  oxide  (SiOj) ;  the  iron  and  aluminum, 
appearing  in  the  scale  as  oxides  or  hydrated  oxides;  the  calcium, 
precipitated  principally  in  the  form  of  carbonate  and  sulphate ;  and 
the  magnesium,  found  in  the  deposits  principally  as  the  oxide  but 
partly  as  the  carbonate.    The  scale  is  therefore  a  mixture,  which 
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varies  in  amount,  density,  hardness,  and  composition  with  different 
conditions  of  water  supply,  steam  pressure,  type  of  boiler,  and  other 
circumstances.  Calcium  and  magnesium  are  the  principal  basic  sub- 
stances in  the  scale,  over  90  per  cent  of  which  usually  is  calcium, 
magnesium,  carbonate,  and  sulphate.  If  much  organic  matter  is 
present,  part  of  it  is  precipitated  with  the  mineral  scale,  as  the 
organic  matter  is  decomposed  by  heat  or  by  reaction  with  other  sub- 
stances. If  magnesium  and  sulphate  are  comparatively  low,  or  if 
suspended  matter  is  comparatively  high,  the  scale  is  soft  and  bulky 
and  may  be  in  the  form  of  sludge  that  can  be  blown  or  washed  from 
the  boiler.  On  the  other  hand,  a  clear  water  relatively  high  in 
magnesium  and  sulphate  may  produce  a  hard,  compact  scale  that  is 
nearly  as  dense  as  porcelain,  clings  to  the  tubes,  and  offers  great 
resistance  to  the  transmission  of  heat. 

CORROSION. 

Corrosion  or  "pitting"  is  caused  chiefly  by  the  solvent  action  of 
acids  on  the  iron  of  the  boiler.  Organic  matter  is  probably  a  source 
of  acids,  for  it  is  well  known  that  waters  high  in  organic  matter  and 
low  in  calcium  and  magnesium  are  corrosive,  though  the  exact  nature 
and  the  action  of  the  organic  bodies  are  not  well  understood.  Acids 
freed  in  the  boiler  by  the  deposition  of  iron,  almninum,  and  mag- 
nesium as  hydrates  are  the  chief  cause  of  corrosion,  and  magnesium 
deserves  particular  attention,  as  it  is  the  most  abundant  of  the  Uiree. 
The  acid  radicles  that  were  in  equilibrium  with  these  bases  may  do 
one  or  all  of  three  things,  according  to  the  chemical  ccwnposition  of 
the  water:  They  may  pass  into  equilibrium  with  other  bases,  dis- 
placing equivalent  quantities  of  carbonate  and  bicarbonate;  .they 
may  decompose  carbonate  that  has  been  precipitated  as  scale;  or 
they  may  combine  with  the  iron  of  the  boiler,  thus  causing  corrosion. 
Which  of  these  reactions  will  occur  can  be  expressed  even  with  the 
most  complete  analyses  only  as  a  probability.  If  the  acid  thus  freed 
exceeds  the  amount  required  to  decompose  the  carbonate  and  bicar- 
bonate, the  iron  of  the  boiler  is  attacked  and  pits  or  tuberculations 
of  the  interior  surface,  leaks,  particularly  around  rivets,  and  conse- 
quent deterioration  of  the  boiler  result. 

FOAMING. 

Foaming  is  the  formation  of  masses  of  bubbles  on  the  surface  of 
the  water  ii\  the  boiler  and  in  the  steam  space  above  the  water,  and 
it  is  intimately  connected  with  priming,  which  is  the  passage  from 
the  boiler  of  water  mixed  with  steam.  The  principal  cause  of  foam- 
ing is  usually  believed  to  be  an  excess  of  dissolved  matter;  coose- 
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quently,  as  sodium  and  potassium  remain  dissolved  in  the  boiler 
water  while  the  greater  portion  of  the  other  bases  is  precipitated, 
the  foaming  tendency  is  commonly  measured  by  the  degree  of  con- 
centration of  the  alkaline  salts  in  solution,  because  this  figure,  in 
connection  with  the  type  of  boiler,  determines  to  great  extent  the 
length  of  time  that  a  boiler  may  run  without  danger  of  foaming.  It 
is  a  fact  that  the  worst  foaming  waters  in  railroad  practice  are 
encountered  in  the  arid  and  semiarid  regions  of  the  Southwest,  where 
the  quantity  of  dissolved  alkali  is  greatest.  However,  it  is  well 
known  that  suspended  matter  can  cause  foaming,  for  certain  surface 
waters  that  when  clear  do  not  foam,  but  deposit  a  moderate  amount 
of  scale,  foam  badly  whenever  they  carry  a  great  quantity  of  mud. 
The  design  of  the  boiler,  irregular  blowing  oflf,  neglect  to  change 
water  periodically,  introduction  of  oil  into  the  feed  water  from  the 
exhaust  steam,  and  improper  firing  and  feeding  are  doubtless  fac- 
.tors  in  foaming. 

REMEDIES    FOR   BOILER   TROUBLES. 

It  is  best  to  treat  feed  waters  before  they  enter  boilers,  but  when 
such  treatment  can  not  be  given  there  are  various  ways  of  obviating 
trouble.  Low-pressure,  large-flue  boilers  are  frequently  used  in 
many  stationary  plants  with  hard  waters,  and  it  is  said  that  the  scale 
formed  in  them  is  softer  and  more  flocculent  and  can  therefore  be 
more  readily  removed  than  that  in  high-pressure  boilers.  Blowing 
off  is  about  the  only  practical  means  of  preventing  foaming,  because 
this  trouble  is  due  principally  to  concentration  of  substances  in  the 
residual  water  of  the  boilers.  Accumulated  sludge,  or  soft  scale,  is 
removed  by  blowing,  particularly  in  locomotive  practice. 

BOILER  COMPOUNDS. 

Boiler  compounds  are  widely  used  in  regions  where  hard  waters 
abound,  but  treatment  within  the  boiler  should  be  given  only  when 
it  is  impossible  to  purify  the  supply  before  it  enters  the  boiler  or 
when  the  relatively  pure  condition  of  the  supply  requires  only  minor 
correction.  If  previous  purification  is  not  practicable,  some  feed 
waters  can  be  improved  by  judicious  addition  of  chemicals.  Though 
many  substances  have  been  recommended  for  such  use,  only  a  few 
have  proved  to  be  really  efficient.  Soda  ash,  the  commercial  form 
of  sodium  carbonate,  containing  about  95  per  cent  NajCOa,  is  most 
valuable  for  attacking  chemically  the  scaling  and  corroding  con- 
stituents, precipitating  the  incrusting  matter,  and  neutralizing  acids 
because  it  is  cheap  and  its  use  is  attended  with  the  least  objection- 
able results.     The  proper  amount  of  it  to  be  used  depends  on  the 


Digitized  by  VjOOQIC 


284      GEOLOGY  AND  GROUND  WATERS,  NORTHEASTERN  ARKANSAS. 

chemical  compKJsition  of  the  water  and  the  type  of  boiler.  Tannin 
and  tannin  compounds  are  also  used  for  the  same  purpose.  The 
addition  of  limewater  to  some  feed  waters  high  in  organic  matter 
and  free  carbon  dioxide  and  very  low  in  incrustants  effectively  pre- 
vents corrosion  and  foaming.  Certain  other  boiler  compounds  act 
mechanicaUy  on  the  precipitated  crystals  of  scale-making  matter 
soon  after  they  are  formed,  surrounding  them  and  robbing  them  of 
their  cement-like  action.  Glutinous,  starchy,  and  oily  substances 
belong  te  this  class,  but  they  are  not  now  used  to  any  considerable 
extent  because  they  thicken  and  foul  the  water  more  than  they 
prevent  the  formation  of  hard  scale.  Kerosene  is  effective  in  partly 
dissolving  deposited  scale,  thus  loosening  it  and  permitting  its  ready 
removal,  and  graphite  is  extensively  used  to  prevent  formation  of 
hard  scale  and  sticking  of  particles  to  the  boiler  tubes  or  shell. 

Many  boiler  compounds  possessing  or  supposed  to  possess  one  or 
more  of  the  functions  just  described  are  on  the  market  and  are  widely 
sold.  Some  are  effective  and  some  are  positively  injurious.  Most  of 
them  depend  for  their  chief  action  on  soda  ash,  petroleum,  or  a  vege- 
table extract,  but  all  are  costly  compared  with  lime  and  soda  ash. 
Boiler  compounds  can  not  reduce  the  amount  of  scale,  but  may  in- 
crease it.  Their  only  legitimate  functions  are  to  prevent  corrosion 
and  deposition  of  hard  scale  and  to  remove  accumulations  of  scale 
that  have  become  attached  to  the  boiler.  Every  engineer  should  bear 
in  mind  that  a  steam  boiler  is  an  expensive  piece  of  apparatus  and  that 
fuel  and  boiler  repairs  also  are  expensive.  Therefore  he  should  hesi- 
tate to  add  substances  to  his  feed  water  without  competent  advice 
regarding  their  effect.  It  is  far  more  economical  to  have  the  water 
supply  analyzed  and  to  treat  it  effectively  by  well-known  chemicals 
in  proper  proportion,  either  within  or  without  the  boiler,  than  to 
experiment  with  compounds  of  unknown  composition. 

NUMERICAL  STANDARDS. 

The  probable  quantities  of  scale-forming  and  foaming  ingredients 
and  the  probability  of  corrosion  when  the  waters  are  used  in  boilers 
have  been  computed  for  the  analyses  published  in  this  report  by 
means  of  modifications  of  certain  formulas  published  in  Stablers 
excellent  discussion^  of  the  quality  of  mineral  waters.  His  terms 
involving  iron,  aluminum,  and  free  acids  have  been  omitted  because 
the  amount  of  these  substances  in  the  waters  of  Arkansas  is  usually 
too  small  to  necessitate  consideration  in  such  approximate  rating; 
the  terms  involving  sodium  and  potassium  have  Wn  imited  for  sim- 

i  stabler,  Herman,  The  mlDeral  analysis  of  water  for  indUHtrlal  purposes  and  Its  inter- 
pretation by  the  engineer :  Eng.  News,  vol.  60,  p.  355,  1908 ;  also  U.  S.  Geol.  Surrey 
Wat»rSapply  Paper  274,  p.  165,  1911. 
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plicity.  The  coefficients  have  been  recomputed  to  give  the  estimates 
in  parts  per  million. 

(1)  «=Sm4-Cm+2.95  Ca4-1.66  Mg. 

(2)  /i=SiO,+1.66  Mg+1.92  01+1.42  SO*— 2.95  Na. 

(3)  /=2.7  Na. 

(4)  c=0.0821  Mg— 0.333  COa— 0.01G4  HCO,. 

These  equations  express  numerically  some  of  the  relations  that  have 
been  discussed  in  the  preceding  sections  on  scale,  corrosion,  and 
priming.  Sm,  Cm,  SiO^,  Ca,  Mg,  Na,  CI,  SO,,  CO,,  and  HCO3  rep- 
resent the  amounts  in  parts  per  million,  respectively,  of  suspended 
matter,  colloidal  matter  (oxides  of  silicon,  iron,  and  aluminum), 
sihca,  calcium,  magnesium,  alkalies,  chlorine,  sulphate,  carbonate, 
and  bicarbonate.  The  first  formula  gives  the  amount  of  scale- 
forming  ingredients  (s)  under  ordinary  conditions  of  boiler  opera- 
tion. As  values  for  silica  (SiOg)  are  given  in  only  a  few  of  the 
analyses  in  this  report,  35  has  been  taken  as  a  fair  average  value  for 
that  substance  in  computing  the  value  of  «.  Fortunately,  silica  is  a 
relatively  constant  ingredient,  its  values  ranging  within  compara- 
tively narrow  limits  irrespective  of  the  abimdance  of  other  ingredi- 
ents. As  most  of  the  ground  waters  of  Arkansas  carry  practically 
no  suspended  matter,  Sm  generally  has  the  value  of  zero,  but  the 
term  can  not  be  disregarded  in  estimating  the  value  of  raw  surface 
waters,  which  frequently  contain  more  suspended  than  dissolved 
matter. 

The    hard-scale- forming  ingredients    (h)    may   be  estimated   by 

formula  3;  therefore  the  ratio,  -,  expresses  the  relative  hardness 

s 

of  the  scale.     If  -  is  greater  than  0.5  the  scale  may  properly  be 

called  hard ;  if  it  is  less  than  0.25  the  scale  may  be  called  soft.  The 
third  formula  gives  an  estimate  of  the  foaming  ingredients  (/)  based 
on  the  probable  amount  of  alkali  salts  dissolved  in  the  water. 

Formula  4  has  been  used  to  calculate  the  corrosive  tendency  of 
the  water  (c),  and  it  can  be  readily  seen  from  the  coefficients  that 
it  expresses  the  relation  between  the  reacting  values  of  magnesium 
and  the  radicles  involving  carbonic  acid  outlined  in  the  discussion 
of  corrosion.  If  c  is  positive  the  water  is  corrosive.  If  c?+0.0-t99  Ca, 
the  reacting  value  of  calcium,  is  negative,  corrosion  due  to  the  min- 
eral constituents  will  not  take  place ;  whether  organic  matter  or  elec- 
trolysis can  then  cause  corrosion  is  uncertain.  If  ^+0.0499  Ca  is 
positive  the  probability  of  corrosion  is  uncertain. 

After  these  three  attributes  of  boiler  feed  have  been  computed  it 
is  largely  a  matter  of  judgment  based  on  experience  to  rate  the  water. 
The  value  of  natural  waters  for  use  in  boilers  depends  primarily 
on  their  corroding  and  foaming  tendencies  and  on  the  amoimt  and 
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character  of  scale  likely  to  be  deposited  by  them,  but  this  value 
should  always  be  considered  in  connection  with  local  standards,  for 
no  matter  how  low  a  water  may  be  in  undesirable  constituents  it 
can  not  he  classed  as  good  if  it  is  poorer  in  quality  than  the  average 
jvater  of  the  region  in  which  it  occurs,  and,  on  the  other  hand,  if 
the  best  available  supply  is  poor  the  economy  of  purifying  it,  even 
at  large  expense,  is  obvious. 

Waters  of  poor  quality  can  be  improved  by  treatment  in  softening 
plants.  The  question  how  bad  a  water  may  be  used  without  treat- 
ment can  be  answered  by  comparing  the  cost  of  artificially  softening 
the  water  with  the  saving  effected  by  the  use  of  softened  water.  The 
benefits  of  softening  include  saving  in  boiler  cleaning,  in  repairs, 
and  in  fuel,  increased  number  of  boilers  in  service,  decreased  de- 
preciation of  boilers,  and  the  value  of  the  materials  removed  by 
softening.  The  cost  of  softening  includes  labor  and  power  for  the 
softening  apparatus,  value  of  softening  chemicals,  interest  on  cost 
of  installation,  depreciation  in  value  of  softening  plant,  and  waste 
in  changing  boiler  feed  due  to  increased  foaming  tendency.  In  gen- 
eral, it  is  economical  in  locomotive  service  to  treat  waters  contain- 
ing 250  to  850  parts  per  million  of  incrustants  and  those  containing 
less  than  the  lower  amount  if  the  scale  formed  contains  much  sul- 
phate.^ 

The  amount  of  mineral  matter  that  makes  a  water  absolutely  unfit 
for  boiler  use  depends  on  the  combined  effect  in  boilers  of  the  soften- 
ing reagents  used  with  such  waters  and  of  the  constituents  not  re- 
moved by  s-oftening.  Sodium  salts  added  to  remove  incrustants  or 
to  prevent  corrosion  increase  the  foaming  tendency  and  this  increase 
may  be  great  enough  to  render  a  water  useless  for  steaming.  It  is 
not  of  much  benefit  to  soften  a  water  containing  more  than  850  parts 
per  million  of  nonincrusting  material  and  much  incrusting  sulphate.^ 
Though  waters  containing  as  high  as  1,700  parts  per  million  of 
foaming  constituents  have  been  used  in  locomotives,  it  is  usually 
more  economical  to  incur  considerable  expense  in  replacing  such 
supplies  by  better  ones.  A  concentration  of  about  7,000  parts  is 
considered  the  limit  of  safety  for  stationary  boilers. 

The  ratings  of  the  committee  on  water  service  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association  given 
in  the  following  table  have  been  used  for  classifying  the  Arkansas 
waters  in  respect  to  boiler  use.  These  limits  are  obviously  only 
approximate  and  the  classifications  must  therefore  not  be  taken  too 
literally.  They  are  given  rather  to  indicate  the  limits  of  usefulness 
than  to  define  rigidly  the  value  of  the  waters. 


I  Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc.  Proc.,  vol.  6,  p.  610,  1905. 
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Rating  of  vmiers  for  boiler  use  according  to  proportion  of  incrusting  and  cor- 
roding constituents  and  according  to  proportion  of  foaming  constituents. 


Incrusting  and   corrodine  con- 
sUtuents  (parts  per  mmian). 

Foaming  constituents  (parts  per 
million). 

Mwe 
than— 

Not  more 
than— 

Classifl- 
cation.a 

More 
than— 

Not  more 
than— 

ClassiO- 
eation.6 

90 
20O 
430 
680 

Good. 
Fair. 
Poor. 
Bad. 

150 
250 
400 

Good. 
Fair. 
Bad. 
Very  bad. 

90 
200 
430 

150 
260 
400 

«  Am.  Ry.  Eng.  and  liaintenance  of  Way  Assoc.  I*roc.,  vol.  5,  p.  595, 1904. 
'    » Idem,  vol.  9,  p.  134, 1908. 

WATEB  FOB  IBBIGATION. 

RELATION   BETWEEN   APPLIED   WATER  AND  SOILS. 

When  water  evaporates  from  the  surface  of  soil  it  leaves  its  con- 
tent of  salts.  If  all  the  water  applied  in  irrigating  were  to  evapo- 
rate, the  constant  use  of  any  supply,  no  matter  how  good  it  might 
be,  would  eventually  result  in  an  accumulation  of  alkali  that  would 
render  the  soil  unproductive.  If,  on  the  other  hand,  all  of  a  water 
not  too  high  in  mineral  content  were  to  seep  downward  into  the 
deep-lying  strata  it  would  gradually  leach  out  the  soluble  salts  of  a 
highly  charged  area.  Such  extreme  conditions,  however,  are  not 
normal,  for  seepage  from  irrigated  tracts  carries  with  it  a  load  of 
dissolved  salts;  various  amounts  of  mineral  matter  are  also  taken  up 
by  crops  and  are  removed  during  harvesting;  then,  too,  proper 
methods  of  irrigation  and  drainage  will  prevent  alkali  from  accumu- 
latmg  where  it  will  damage  the  delicate  feeding  roots  of  crops. 
Consequently,  waters  of  relatively  low  mineral  content  may  be 
appUed  year  after  year  without  inflicting  damage,  but  those  exceed- 
ing a  certain  limit  of  mineral  content  are  useless  for  irrigation; 
waters  of  an  intermediate  class,  normally  capable  of  increasing  the 
alkali  in  the  soil,  may  be  harmless  under  judicious  usage. 

NUMERICAL  STANDARDS. 

The  value  of  a  water  for  irrigation  is  measured  primarily  by  its 
content  of  alkali  and  by  the  probable  form  in  which  the  alkali  will 
be  deposited  in  the  soil.  Experience  has  shown  that  sodium  car- 
bonate is  most  harmful  to  crops,  sodium  chloride  less  so,  and  sodium 
sulphate  least  harmful  of  all.  Basing  his  computations  on  deter- 
minations of  the  alkali-resisting  qualities  of  certain  cultures  in 
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California/  Stabler  has  developed  formulas'  for  rating  waters  in 
respect  to  their  value  for  irrigation.  His  comparison  is  made  by 
means  of  an  "alkali  coefficient"  (A*),  which  is  defined  as  the  depth 
in  inches  of  water  which  would  yield  on  evaporation  sufficient  alkali 
to  render  a  4-foot  depth  of  soil  injurious  to  the  most  sensitive  crops. 
The  sodium  equivalents  of  the  three  common  salts  of  sodium,  the 
sulphate,  chloride,  and  carbonate,  are  assigned  relative  toxicities  of 
1,  5,  and  10,  respectively,  and  the  maximum  tolerance  of  sensitive  cul- 
tures is  taken  as  1,500  pounds  of  sodium  in  the  fonn  of  sulphate  |>er 
acre-4-feet.  The  correctness  of  the  latter  assumption  by  itself  might 
be  questioned,  but  it  does  not  lead  to  appreciable  error,  as  the  chief 
value  of  the  formulas  rests  with  the  ratio  of  toxicities  and  the  inter- 
pretation of  the  computed  value  of  k. 

I  =  y^  if  Na-0.65  CI  is  zero  or  negative. 

h  =  _^'^^-,  if  Na-0.65  CI  is  positive  but  not  greater  than  0.48  SO4. 
Na-|-2.6C1 

The  symbols  SO4,  CI,  and  Na  represent,  respectively,  the  amounts 
in  parts  per  million  in  the  water  of  sulphate,  chlorine,  and  alkali,  the 
latter  being  commonly  grouped  imder  the  name  of  sodium.    The  three 
formulas  represent  the  different  relations  between  the  alkali  and  the 
acid  radicles.    Under  the  first  condition,  with  enough  or  more  than 
enough  chlorine  to  satisfy  sodium,  it  is  assumed  that  the  chlorides 
other  than  that  of  sodiiun  are  as  harmful  as  that  compound.    Under 
the   second   condition,   where   the   chloride   and   sulphate   radicles 
together  are  sufficient  to  satisfy  sodium,  and  under  the  third,  where 
both  chlorine  and  sulphate  are  insufficient  to  satisfy  sodium,  mag- 
nesium is  assumed  to  have  no  deleterious  effect.    This  base  loses 
the  greater  part  of  its  toxic  power  when  much  calcium  is  present  and 
therefore  this  assumption  seems  justifiable,  as  not  only  is  calcium 
usually  high  in  all  soils,  but  also  it  commonly  exceeds  the  proportion 
of  magnesium  in  natural  waters.    Though  the  formulas  are  based 
on  the  relative  predominance  of  the  radicles  they  should  not  be  inter- 
preted as  signifying  that  the  acids  and  bases  are  combined  but  as 
presenting  the  maximum  possibilities  of  the  deposition  of  harmful 
alkali  salts  in  the  soil  layer. ^ 

i  Loughridge,  B.  11.,  Tolerance  of  alkali  by  various  cultures :  California  Univ.  Agr.  Eip. 
Sta.  Bull.  133,  1901.  Quoted  by  E.  W.  Illlgard,  Soils,  p.  407.  Macmillan  Co.,  New  York. 
1006.     Sec  also  California  Univ.  Agr.  Kxp.  Sta.  Bulls.  128,  140.  and  169. 

•  Stabler,  Herman,  Some  stream  waters  of  the  western  United  States,  witb.  chapters  oo 
sediment  carried  by  the  Rio  Grande  and  the  Industrial  application  of  water  analyses : 
U.  S.  Geol.  Survey  Water-Supply  Paper  174,  p.  177,  1011 ;  also  Eng.  News.  vol.  64,  p.  67, 
1010. 
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The  following  ratings  for  interpreting  values  of  the  alkali  coeffi^ 
dent  are  proposed  by  Stabler : 

Classification  of  water  for  irrigation. 


Value  of  fc. 


Greater  than  18. 

6tal8 

Uto5.9 

Lwtbanl^ 


Classifi- 
cation. 


Oood. 
Fair. 
Poor. 
Bad. 


The  value  of  k^  showing  the  niunber  of  inches  of  water  that  would 
yield  on  evaporation  sufficient  alkali  to  inhibit  the  growth  of  very 
sensitive  plants,  indicates  the  relative  degree  of  care  that  is  essential 
m  applying  a  water  to  irrigated  tracts.     As  defined  by  Stabler, 

good"  waters  are  those  that  can  be  used  for  many  years  without 
special  care  to  prevent  alkali  accumulation.  Waters  classed  as  "  fair" 
require  special  care  to  prevent  gradual  concentration  of  alkali,  except 
in  loose  soils  with  free  natural  drainage.  Care  in  selection  of  soils 
has  been  imperative  and  artificial  drainage  has  frequently  been  neces- 
sary in  using  waters  classed  as  "  poor."  The  "  bad  "  waters  contain 
80  much  harmful  matter  in  solution  that  they  are  practically  value- 
less for  irrigation. 

This  rating,  like  any  other  that  might  be  devised,  should  be  lib- 
erally interpreted.  It  signifies  only  a  comparison  of  the  waters 
themselves  on  the  basis  of  their  mineral  content.  It  does  not  signify 
the  possibility  of  raising  good  crops  on  land  to  which  the  waters  may 
be  applied,  because  it  does  not  take  into  account  the  alkali  content 
8nd  the  texture  of  the  soil,  conditions  of  drainage,  the  method  of 
irrigation,  the  duty  of  the  water,  or  the  other  factors  on  which  agri- 
cultural success  depends.  As  the  rating  is  based  on  common  irriga- 
tion practice  in  the  arid  and  semiarid  regions  of  the  United  States, 
it  is  probably  too  severe  for  a  well-watered  region  like  eastern  Arkan- 
sas; therefore,  it  may  safely  be  concluded  that  waters  of  eastern 
Arkansas  that  have  been  classified  as  good  on  the  basis  of  this  rating 
wiU  give  no  trouble  whatever  by  deposition  of  alkali. 

WATEB  FOB  DOMESTIC  USE. 
PHYSICAL  QUALITIES. 

Entirely  acceptable  domestic  waters  are  free  from  suspended  mat- 
ter, color,  odor,  and  taste,  and  are  fairly  cool  when  they  reach  the 
consumer.  The  nearer  waters  approach  these  conditions  the  more 
satisfactory  they  are  for  general  use.  Suspended  mineral  matter 
clogs  pipes,  valves,  and  faucets.  Growths  of  microscopic  plants 
form  tufts  or  layers  in  pipes  and  well  casings  and  sometimes  clog 
11074**— wsp  399—16 19 
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them,  and  detached  particles  give  the  water  an  unsightly  appear- 
ance and  stain  clothes  washed  in  it.  So  far  as  is  known  such  growths 
do  not  cause  disease,  but  some  of  them  impart  unpleasant  odors  to 
water.  True  color  is  usually  due  to  dissolved  vegetable  matter  and 
causes  serious  objection  only  when  it  exceeds  20  or  30  parts  per 
million. 

BACTERIOLOGICAL  QUALITIES. 

Before  a  water  is  used  for  domestic  purposes  there  should  be 
reasonable  certainty  that  it  is  free  from  disease-bearing  organisms 
and  that  it  can  be  guarded  against  all  chances  of  infection.    Water 
from  ponds,  rivers,  sloughs,  and  bayous  liable  to  contamination  by 
drainage  from  houses,  privies,  cesspools,  stables,  or  irrigated  fields 
should  not  be   used  for  drinking  without  thorough   purification. 
Wells  should  be  so  placed  that  their  waters  are  guarded  against  the 
entrance  of  filth  of  any  kind,  either  over  the  top  or  by  infiltration. 
Pumps  and  piping  in  the  system  should  also  be  protected.    Water 
from  a  carefully  cased  well  more  than  20  or  30  feet  deep  is  accept- 
able if  the  well  is  at  a  reasonable  distance  from  privies,  cesspools, 
and  other  sources  of  pollution.    Many  open  dug  wells  and  the  pits 
constructed  as  reservoirs  aroimd  the  tops  of  many  casings  are  fre- 
quently exposed  to  fecal   contamination   from  above  or  through 
cracks  in  poorly  built  side  walls.     Care  should  be  taken  that  the 
casings  of  deep  wells  do  not  become  leaky  near  the  surface  of  the 
ground  so  as  to  allow  pollution  to  enter.    As  a  matter  of  ordinary 
precaution  the  ground  should  be  kept  clean  and  water  should  not 
be  allowed  to  become  foul  or  stagnant  near  any  well,  no  matter  how 
deep.    If  shallow  dug  wells  are  necessary  they  should  be  constructed 
with  water-tight  walls  extending  as  far  as  practicable  into  the  well 
and  also  a  short  distance  above  groimd.    The  floor  or  curbing  shoidd 
be  water-tight  and  pumps  should  be  used  in  preference  to  buckets 
for  raising  the  water.    Every  possible  precaution  should  be  taken 
to  prevent  feet  scrapings  and  similar  dirt  from  getting  into  the  welL 
Underground  water  is  not  only  less  likely  to  become  contaminated  if 
protected  from  surface  washings,  air,  and  light,  but  it  keeps  better 
and  is  less  likely  to  develop  microscopic  plants  that  give  it  an 
impleasant  taste. 

CHEMICAL  QUALTTIES. 

Amounts  of  dissolved  substances  permissible  in  a  domestic  supply 
depend  much  on  their  nature.  No  more  than  traces  of  barium, 
copper,  zinc,  or  lead  should  be  present  because  these  substances  are 
poisonous.  The  occurrence  of  these  elements  in  measurable  amounts 
,in  ordinary  waters  is  so  rare  that  tests  for  them  are  not  usually 
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made.  Any  constituent  present  in  sufficient  amount  to  be  clearly 
perceptible  to  the  taste  is  objectionable.  Water  containing  2  parts 
per  million  of  iron  is  unpalatable  to  many  people,  and  even  this  small 
amount  can  cause  trouble  by  discoloring  washbowls  and  tubs  and  by 
producing  rusty  stains  on  clothes.  Tea  and  coffee  can  not  be  made 
satisfactorily  with  water  containing  much  iron,  because  a  black  inky 
compound  is  formed.  Four  or  five  parts  of  hydrogen  sulphide 
makes  a  water  unpleasant  to  the  taste,  and  this  dissolved  gas  is 
objectionable  also  because  it  corrodes  well  strainers  and  other  metal 
fittings.  The  amounts  of  silica  and  altuninum  ordinarily  present  in 
well  waters  have  no  special  significance  in  relation  to  domestic  sup- 
ply. Approximately  250  parts  of  chlorine  make  a  water  "salty," 
and  less  than  that  amount  may  cause  corrosion.  Calcium  and  mag- 
nesium are  the  chief  causes  of  the  hardness  of  water,  which  is  indi- 
cated by  increased  consumption  of  soap  and  by  deposition  of  scale 
on  kettles.  Calcium  and  magnesium  unite  with  soap,  forming  insul- 
uble  curdy  compounds  with  no  cleansing  value  and  preventing  the 
formation  of  a  lather  until  these  two  basic  radicles  have  been  pre- 
cipitated. Hardness  can  be  measured  by  testing  a  water  with  a 
standard  solution  of  soap,  but  as  that  test  was  not  made  in  analyzing 
Arkansas  waters  the  total  hardness  has  been  computed  from  the 
amounts  of  calcium  (Ca)  and  magnesium  (Mg)  by  means  of  the 
following  formula: 

Total  hardness  as  Ca  C03=2.5  Ca+4.1  Mg. 

The  lower  waters  are  in  mineral  content  the  more  acceptable  they 
are  as  sources  of  domestic  supply;  yet  the  amount  of  dissolved  sub- 
stances that  can  be  tolerated  in  drinking  water  is  much  greater  than 
that  allowable  in  city  supplies,  for  which  problems  of  hardness, 
corrosion,  pipe  clogging,  and  general  utility  have  to  be  considered, 
inasmuch  as  rather  high  concentrations  of  the  common  mineral 
ingredients  have  no  apparent  physiologic  effect.  Detailed  inquiries 
by  the  writer  in  arid  districts  where  strongly  mineralized  waters 
have  to  be  drunk  because  no  better  supplies  are  available  indicate 
that  waters  exceeding  in  strength  300  parts  per  million  of  carbonate, 
1,500  parts  of  chloride,  or  2,000  parts  of  sulphate  are  intolerable  to 
most  persons.  These  limits  are  fortunately  far  beyond  the  points 
where  the  substances  in  solution  are  clearly  perceptible  to  taste. 
Though  individuals  are  differently  susceptible  to  the  effects  of  such 
mineral  matter  it  may  be  concluded  that  in  general  water  without  a 
disagreeable  taste  may  be  drunk  without  fear  of  harmful  effect  by 
its  mineral  ingredients.  This  comment  does  not  of  course  take  into 
consideration  the  possibility  of  contamination  by  organic  matter  or 
infection  by  disease  germs. 
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PURIFICATION  OF  WATER. 
GENEBAL  BEQXJIBEMENTS. 

Purification  of  water  is  the  removal  or  reduction  in  amount  of 
substances  that  render  waters  in  their  raw  state  unsuitable  for  use, 
and  it  is  practiced  on  a  large  scale  to  render  the  supplies  safe  and 
unobjectionable  for  drinking,  to  reduce  the  amoimt  of  the  mineral 
ingredients  injurious  to  boilers,  or  to  remove  substances  injurious  to, 
machinery  or  to  industrial  products. 

Removal  of  bacteria,  especially  those  causing  disease,  and  removal 
of  turbidity,  odor,  taste,  and  iron  are  the  principal  requirements  in 
purification  of  a  municipal  supply,  elimination  of  bacteria  and  tur- 
bidity being  the  most  important.  The  common  methods  of  effecting 
such  purification  are  slow  filtration  through  sand  and  rapid  filtration 
through  sand  after  coagulation,  both  methods  usually  being  com- 
bined with  sedimentation.*  Thoroughly  efiicient  filters  of  either 
type  remove  98  per  cent  or  more  of  the  bacteria. 

Removal  of  scale- forming  and  neutralization  of  corrosive  constitu- 
ents are  the  chief  aims  in  preparing  water  for  steam  making.  For 
this  two  general  methods  are  employed — precipitation  by  chemicals 
followed  by  sedimentation  and  heating  with  or  without  chemicals, 
usually  followed  by  rapid  filtration.  The  first  process  is  carried  on 
in  cold-water  softening  plants  and  the  second  in  feed- water  heaters. 
Some  waters  that  have  to  be  used  because  no  better  supplies  are 
available  are  so  bad  that  neither  of  these  processes  is  practicable,  and 
such  supplies  are  distilled.  Distilled  water,  which  is  practically  free 
from  all  dissolved  and  suspended  matter,  must  also  be  used  in  certain 
industries.  Recent  improvements  in  multiple-effect  evaporators  have 
greatly  reduced  the  cost  of  distillation,  so  that  it  is  now  economicar 
to  distill  for  industrial  and  domestic  use  many  waters  heretofore 
considered  too  highly  mineralized  to  be  treatable,  and  large  factories, 
hotels,  and  even  municipalities  have  installed  multiple-effect  stills. 

METHODS  OF  PXTBIPICATION. 

Besides  the  above-mentioned  systems  of  purification  many  minor 
processes  are  used,  sometimes  alone,  but  more  frequently  as  adjuncts 
to  filters  or  softeners.  Coarse  suspended  matter  can  be  removed  by 
rapid  filtration  through  ground  quartz  or  similar  material  in  units 
of  convenient  size  provided  with  arrangements  for  washing  the  filter- 
ing medium  similar  to  those  used  in  mechanical  filters.  Very  turbid 
waters  may  be  first  allowed  to  stand  in  large  sedimentation  basins 
to  reduce  the  cost  of  operating  the  filters  by  removing  a  large  part 

» For  descriptions  of  filters  see  Johnson,  G.  A..  The  pnrlflcation  of  pubUc  water  fop- 
plics:  U.  S.  Geol.  Survey  Water-Supply  Paper  315,  1813. 
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of  the  suspended  solids.  Supplies  containing  much  iron  are  aerated 
by  being  sprayed  into  the  air  or  by  being  allowed  to  trickle  over 
rocks,  thus  precipitating  the  iron  so  that  it  can  readily  be  removed 
by  rapid  filtration. 

Calcium  hypochlorite,  sodium  hypochlorite,  and  free  chlorine  gas 
are  used  to  disinfect  drinking  water,  and  treatment  with  these  sub- 
stances is  now  widely  practiced,  either  as  an  adjunct  to  filtration  or 
as  an  emergency  precaution  where  supplies  otherwise  untreated  are 
believed  to  be  contaminated.  Disinfection  by  this  method  is  not  a 
substitute  for  purification  by  filtration  for  it  does  not  remove  sus- 
pended matter  nor  appreciable  amounts  of  color,  organic  matter, 
swampy  tastes,  or  odors,  and  it  does  not  soften  water.^ 

SLOW  SAND  FHiTBATION. 

Slow  sand  filtration  consists  in  causing  the  water  to  pass  down- 
ward through  an  artificial  layer  of  fine  sand. 

On  the  bottom  of  a  water-tight  basin  commonly  constructed  of 
concrete,  perforated  tiles  or  pipes  laid  in  the  form  of  a  grid  are  cov- 
ered with  a  foot  of  gravel  graded  in  size  from  25  to  3  millimeters  in 
diameter  from  bottom  to  top.  A  layer  of  fine  sand  3  to  4  feet  in  depth 
is  put  over  tRe  gravel,  which  serves  only  to  support  the  sand.  When 
water  is  applied  on  the  surface  it  passes  through  the  sand  and  the 
gravel  and  flows  away  through  the  underdrain  of  tiles.  The  sus- 
pended materials,  including  bacteria,  are  removed  by  the  sand,  the 
action  of  which  is  rendered  more  efficient  by  the  rapid  formation  of  a 
mat  of  finely  divided  sediment  on  the  surface.  ^Vlien  this  film  has 
become  so  thick  that  filtration  is  unduly  retarded,  the  water  is 
allowed  to  subside  below  the  surface  and  about  half  an  inch  of  sand 
is  removed,  after  which  filtration  is  resumed.  The  sand  thus  taken 
off  is  washed  to  free  it  from  the  collected  impurities  and  is  replaced 
on  the  beds  after  they  have  been  reduced  about  a  foot  in  thickness  by 
successive  scrapings.  As  cleaning  necessitates  temporary  withdrawal 
of  filters  from  service,  they  are  divided  into  units  of  convenient  size, 
usually  one-half  to  1  acre  each,  so  that  the  operation  of  the  entire 
system  may  not  be  interrupted.  Most  modern  filters  are  roofed  and 
sodded,  as  this  practice  facilitates  cleaning  by  preventing  the  forma- 
tion of  ice,  permits  work  on  the  filter  beds  in  all  kinds  of  weather, 
inhibits  algae  growths,  and  prevents  agitation  of  the  water  by  wind 
and  rain. 

The  foregoing  paragraphs  describe  the  esential  features  of  a  slow 
sand  filter,  but  several  adjuncts  render  this  system  more  efficient. 
A  clear-water  basin  for  the  filtered  supply,  covered  to  prevent  dete- 

I  Johnson,  O.  A.,  op.  cit.,  p.  71. 
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rioration  of  the  water,  is  provided  in  order  that  the  varying  rate  of 
consumption  may  not  affect  the  rate  of  filtration.  Clarification  of 
turbid  water  is  rendered  more  economical  by  allowing  it  to  stand 
for  one  to  three  days,  during  which  a  large  portion  of  the  suspended 
matter  is  deposited,  so  that  the  time  between  sand  scrapings  is 
lengthened.  Objectionable  odors  and  tastes  may  be  removed  by 
aeration  before  or  after  filtration.  Killing  the  bacteria  before  filtra- 
tion by  use  of  chlorine  or  other  germicides  is  practiced. 

Slow  sand  filtration  removes  practically  all  the  suspended  matter 
and  the  bacteria.  Color  is  only  slightly  reduced,  and  the  hardness  is 
not  changed.  The  process  is  specially  adapted  to  waters  low  in 
color,  suspended  matter,  and  animal  pollution.  Very  small  particles 
of  clay  are  not  removed  by  these  filters  and  for  water  carrying  such 
particles  only  for  short  periods  occasional  addition  of  a  coagulant 
before  filtration  is  advisable. 

RAPID  SAND  FILTRATION. 

The  distinctive  features  of  the  rapid  sand  process  are  the  coagulant 
and  the  high  rate  of  filtration.  While  the  raw  water  is  entering  the 
sedimentation  basin,  which  is  smaller  than  that  used  with  slow  sand 
filters,  it  is  treated  with  a  definite  proportion  of  some  coagulant, 
usually  aluminum  sulphate,  which  forms  a  gelatinous  precipitate 
that  unites  and  incloses  the  suspended  material,  including  the 
bacteria,  and  absorbs  the  organic  coloring  matter.  This  combined 
action  destroys  color  and  makes  suspended  particles  larger  and  there- 
fore more  readily  removable.  The  proper  amount  of  coagulant  to 
be  used  is  determined  by  the  amounts  of  color,  organic  matter,  and 
suspended  matter,  and  by  the  fineness  of  the  suspended  matter,  and 
it  is  best  ascertained'  by  direct  experimentation  with  the  water  to  be 
purified.  Much  of  the  trouble  in  operating  the  earlier  types  of 
rapid  filters  has  been  caused  by  failure  to  produce  a  good  "floe"  or 
precipitate  because  of  improper  ratios  of  coagulant  and  alkalinity. 
Ferrous  sulphate  instead  of  ahuniniun  sulphate  is  used  as  a  cogulant 
in  some  filtration  plants;  lime  must  be  added  with  it  in  order  to 
bring  about  proper  coagulation. 

The  water,  after  having  been  mixed  with  the  coagulant,  is  allowed 
to  stand  three  or  four  hours  in  the  sedimentation  basin,  where  a  large 
proportion  of  the  suspended  particles  is  deposited.  It  is  then  passed 
rapidly  through  beds  of  sand  to  remove  the  rest  of  the  suspended 
matter.  Many  filters  now  in  use  are  built  in  cylindrical  form  10 
to  20  feet  in  diameter,  and  some  are  so  designed  that  filtration  can  be 
hastened  by  pressure.  The  sand,  30  to  50  inches  deep  and  coarser 
than  that  used  in  slow  sand  filters,  rests  on  a  metallic  floor  containing 
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perforations  large  enough  to  allow  ready  issue  of  the  water  but  small 
enough  to  prevent  passage  of  sand  grains.  When  the  filter  has  be- 
come clogged  the  flow  of  water  is  reversed,  filtered  water  being  forced 
upward  through  the  sand  to  wash  it  and  to  remove  the  impurities, 
which  pass  over  the  top  of  the  filter  with  the  wasted  water.  A  re- 
volving rake  with  long  prongs  projecting  downward  into  the  sand 
mixes  it  during  washing  and  prevents  it  from  becoming  graded  into 
spots  of  coarse  or  fine  particles.  In  recently  constructed  works  rec- 
tangular filters  300  to  1,300  square  feet  in  area  have  been  built,  and 
compressed  air  forced  through  the  sand  at  intervals  is  used  instead 
of  a  revolving  rake  for  agitating  the  sand  during  washing.  Larger 
orifices  in  the  strainers  are  also  being  used,  and  the  introduction  of 
sand  is  prevented  by  fine  gravel  over  the  strainer  pipes.  The  rate  of 
filtration  is  from  100,000,000  to  120,000,000  gallons  per  acre  per  day. 
The  time  between  washings  is  6  to  12  hours,  depending  principally 
on  the  turbidity  of  the  water  applied  to  the  filter. 

Mechanical  filtration  removes  practically  all  suspended  matter,  re- 
duces the  color  to  an  amoimt  that  is  unobjectionable,  and  under  some 
conditions  removes  part  of  the  dissolved  iron.  The  permanent  hard- 
ness of  the  water  is  increased  in  proportion  to  the  amount  of  sul- 
phate added  by  the  coagulant,  and  if  only  enough  lime  to  decom- 
pose the  coagulant  is  added  the  total  hardness  is  slightly  increased. 
If  larger  amounts  of  lime  are  added,  however,  the  total  hardness  is 
reduced.  If  soda  ash  is  used  in  place  of  lime,  the  foaming  constitu- 
ents of  water  are  slightly  increased.  The  chemicals  are  always  added 
in  solution. 

COLB-WATEB  SOFTENIKO. 

The  principal  objects  of  water  softening  are  to  remove  the  sub- 
stances that  cause  incrustations  in  boilers,  particularly  calcium  and 
magnesium,  and  to  neutralize  those  that  cause  corrosion.  Chemicals 
of  known  strength  dissolved  in  water  are  added  to  the  raw  supply 
in  such  proportion  as  to  precipitate  all  the  dissolved  constituents 
that  can  be  economically  removed  by  such  treatment.  The  water  is 
then  allowed  to  stand  long  enough  to  permit  the  precipitate  to  settle, 
after  which  the  clear  effluent  is  drawn  off  or  the  partly  clarified  efflu- 
ent may  be  filtered  very  rapidly  through  thin  beds  of  coke,  sponge, 
excelsior,  bagging,  or  similar  material  in  order  to  remove  particles 
that  have  not  subsided  in  the  tanks.  The  water  softeners  on  the 
market  differ  from  each  other  principally  in  the  precipitant,  in  the 
filtering  medium,  if  one  is  used,  and  in  the  mechanism  regulating 
the  mixing  of  the  chemicals  with  the  water.  Installations  may  be  of 
any  size  to  suit  consumption,  and  the  process  can  be  combined  with 
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rapid  sand  filtration  for  purifying  municipal  supplies.    Amcmg  the 
substances  that  have  been  proposed  as  precipitants  are  sodium  car- 
bonate (soda  ash),  silicate^  hydrate  (caustic),  fluoride,  and  phosphate^ 
barium  carbonate,  oxide,  and  hydrate,  and  calcium  oxide   (quick- 
lime) .  but  of  these  substances  lime  and  soda  ash  are  almost  exclusively 
used  on  account  of  their  excellent  action  and  comparative  cheapness. 
When  soda  ash  (XajCOj)  and  lime  dissolved  in  water  to  form  a 
solution  of  calciiun  hydrate  [Ca(OH)j]  are  added  to  a  water  in 
proper  proportion  free  acids  are  neutralized,  free  carbon  dioxide  is 
removed,  bicarlH>nates  are  decomposed,  and  iron,  aluminum,   and 
magnesiiun  hydrates  and  calcium  carbonate  are  precipitated.     The 
precipitate  in  settling  takes  down  with  it  a  large  proportion  of  the 
suspended  matter.     Such  treatment  with  lime  and  soda  a^  removes 
the  incrusting ctmstituents  practically  to  the  limit  of  their  solubility; 
the  calcium  added  as  lime  also  is  precipitated.    Sodium,  potassium, 
sulphate,  and  chloride  are  left  in  solution,  and  the  alkalies  are  in- 
creaseil  in  prt>iH)rtion  to  the  quantity  of  soda  ash  added ;  that  is,  the 
foaming  constituents  are  increased  and  this  fixes  the  maximum 
amount  of  incnistants  that  can  be  treated.    The  maximum  amount 
of  incrustants  left  in  a  treated  water  is  determined  by  the  solubility 
of  the  precipitated  sul^ances  and  by  the  completeness  of  the  reaction 
between  the  added  chemicals  and  the  dissolved  matter.     It  has  been 
brought  below  IX)  parts  per  million  in  some  well-treated  waters.    The 
sulphate  radicle  can  be  removed  by  using  barium  compounds,  which 
precipitate  barium  sulphate,  but  the  poisonous  effect  of  even  small 
amounts  of  bariiun  and  the  relatively  high  cost  of  its  salts  are  great 
objections  to  their  use.    The  chlorides  are  not  changed  in  amount  by 
water  softening.    The  chemicals  should  be  very  thoroughly  mixed 
with  the  raw  water  and  sufficient  time  diould  be  allowed  for  complete 
reaction,  which  proceeils  rather  slowly,  for  otherwise  precipitation 
will  occur  later  in  pipe  lines  or  in  boilers. 

FEED-WATEB  HEATIHQ. 

Water  heaters  are  designeil  primarily  to  utilize  waste  heat  in  sta- 
tionary boiler  plants  by  raising  the  temperature  of  the  feed  water  and 
thereby  lessening  the  work  of  the  boilers  themselves,  but  they  also 
effect  some  purification,  and  many  heaters  have  been  specially  de- 
signed with  that  end  in  view. 

"Open''  heaters,  which  utilize  exhaust  steam,  are  operated  at 
atmospheric  pressure.  In  most  forms  the  steam  enters  at  the  bottom 
and  the  water  at  the  top,  and  intimate  contact  between  the  two  is 
obtained  by  spraying  the  water  or  by  allowing  it  to  trickle  over  or 
to  splash  against  plates.    In  this  manner  the  water  is  quickly  heated 
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nearly  to  boiling  temperature.  Dissolved  gases  are  expelled,  bicar- 
bonate are  decomposed,  and  iron,  aluminum,  part  of  the  magnesiimi, 
and  calcium  equivalent  to  the  carbonates  after  decomposition  of  the 
bicarbonates  are  precipitated  as  hydrates,  oxides,  and  carbonates 
under  varying  conditions  of  temperature,  pressure,  and  time.  The 
precipitate  agglomerates  the  particles  of  suspended  matter  and  makes 
them  more  readily  removable  by  sedimentation  and  filtration.  The 
slowness  with  which  the  reactions  take  place  and  the  presence  of  acid 
radicles  other  tjian  carbonate  to  hold  the  bases  in  solution  prevent 
complete  removal  of  calcium  and  magnesium.  The  addition  of  soda 
ash  in  proper  proportion,  however,  effects  fairly  complete  precipita- 
tion of  the  alkaline  earths,  and  apparatus  for  constant  introduction  of 
this  chemical  in  solution  may  be  provided.  After  the  precipitate  has 
been  formed  the  water  passes  through  filters  of  burlap,  excelsior, 
straw,  hay,  wool,  coke,  or  similar  materials,  arranged  in  imits  that 
can  readily  be  cleaned.  Open  heaters  operated  without  a  chemical 
precipitant  remove  substances  that  are  soft  and  bulky  and  leave  in 
the  water  constituents  that  form  hard  scale ;  scale  from  water  treated 
without  chemicals  in  such  heaters  is,  therefore,  not  so  great  in  amoimt 
but  is  harder  than  that  formed  by  the  raw  water. 

"  Closed  "  heaters  are  heated  usually  by  exhaust  steam  but  are  oper- 
ated at  or  near  boiler  temperature  and  pressure.  In  them  the  water 
is  passed  through  tubes  surroimded  by  steam  or  around  steam  pipes, 
and  manholes  or  other- openings  are  provided  for  cleaning  the  scale 
from  the  tubes.  As  the  water  is  heated  under  pressure,  some  precipi- 
tation takes  place,  but  closed  heaters  are  not  so  efficient  in  this  respect 
as  open  heaters,  because  they  do  not  permit  escape  of  the  gases  liber- 
ated from  the  water.  This  objection  does  not  hold  if  treatment  in  a 
closed  heater  follows  treatment  in  an  open  heater,  from  which  the 
gases  escape,  and  several  systems  accomplish  very  good  purification  by 
losing  a  unit  of  each  type  in  series. 

Economizers  consist  essentially  of  water  tubes  set  in  the  furnace 
flues  in  such  manner  as  to  utilize  the  waste  heat  of  the  flue  gases. 
Facilities  are  provided  for  cleaning  scale  from  the  inside  and  soot 
from  the  outside  of  the  tubes.  The  water  in  the  tubes  can  be  heated 
under  pressure  to  much  higher  temperature  than  in  open  or  closed 
heaters,  and  conditions  of  ordinary  boiler  operation  are  approxi- 
mated. The  precipitation  of  incrustants  varies  greatly  with  the  nor- 
mally fluctuating  temperature  of  flue  gases. 
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SURFACE  WATERS. 

Series  of  analyses  indicate  the  composition  of  the  waters  of 
Arkansas  River  at  Little  Rock  and  Mississippi  River  at  Memphis, 
Tenn.,  but  neither  set  correctly  represents  the  general  quality  of  sur- 
face waters  in  the  lowlands  of  Arkansas,  because  both  streams  drain 
immense  basins  above  the  lowlands  and  receive  relatively  little  of 
their  discharge  from  them.  Unfortunately,  no  analyses  of  water 
from  the  smaller  rivers  are  available,  and  consequently  little  can  be 
said  regarding  their  quality.  The  waters  of  White  River  and  prac- 
tically all  the  smaller  streams  of  eastern  and  northeastern  Arkansas 
are  undoubtedly  lower  in  mineral  content,  softer,  and  therefore  better 
for  general  use  than  that  of  either  the  Mississippi  or  the  Arkansas. 
It  is  probable  that  none  of  the  surface  water  contains  as  much  mineral 
matter  as  that  from  the  wells  of  the  area  and  that  none  is  too  poor  in 
quality  to  be  adaptable  to  general  use.  As  surface  wat^^  in  such  a 
low,  flat  country,  especially  in  the  thickly  settled  districts,  where  irri- 
gation is  extensively  practiced,  are  likely  to  be  subject  to  contamina- 
tion and  to  carry  fine  silt,  they  should  not  be  used  for  drinking  with- 
out first  being  properly  filtered. 

Samples  of  water  were  collected  daily  from  Arkansas  River  at  the 
waterworks  intake.  Little  Rock,  through  the  courtesy  of  Mr.  W.  J. 
Riley,  superintendent  of  waterworks,  and  tested  at  laboratories  main- 
tained by  the  United  States  Geological  Survey  from  November  1, 
1906,  to  October  24, 1907.  The  daily  samples  were  united  in  sets  of 
10,  and  the  analyses  of  the  composites  thus  obtained  are  given  in 
the  following  table.  The  water  is  highly  mineralized  and  frequently 
very  muddy;  its  average  content  of  scale- forming  ingredients  is 
about  210  parts  per  million,  or  slightly  more  than  12  grains  per 
gallon,  and  its  average  hardness  is  about  190  parts  per  million. 
Though  it  is  practicable  to  remove  the  suspended  matter  and  a  large 
proportion  of  the  hardening  constituents  by  filtration  and  use  of 
chemicals,  the  water  even  then  is  likely  to  foam  in  boilers  and  at 
times  to  taste  brackish  because  of  the  salt  in  it  The  striking  differ- 
ences from  time  to  time  in  the  composition  of  the  water  are  caused 
by  fluctuations  in  the  relative  discharge  of  the  several  tributaries  of 
the  river,  the  composition  of  which  has  been  discussed  by  Parker^  in 
connection  with  his  studies  of  Kansas  waters. 

1  Parker.  IT.  N.,  Quality  of  the  water  sapplies  of  Kansas:  U.  S.  Oeol.  Surrey  Water 
Supply  Paper  273,  1911. 
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Mineral  analyses  of  water  from  Arkansas  River  near  Little  Rock,  Ark,^ 

[Parts  per  mlllioQ.] 


Date,  1006-7. 


To— 


I. 

so 
f 


11 


s 

1^ 


sS 


Not.  1 
Nov.  11 
Nov.  21 
Dec  3 
Dec.  20 
Jan.  14 
Feb.  2 
Feb.  21 
Mar.  8 
Mar.  20 
Apr.  13 
Apr.  23 
May  3 
May  14 
May  24 
Jane  20 
July  19 
Aug.  8 
Aug.  18 
Aug.  30 
Sept.  9 
Oct.     7 


Nov.  10 
Nov.  20 
Dec.  2 
Dec.  10 
Jan.  11 
Jan.  31 
Feb.  20 
Mar.  7 
Mar.  28 
Apr.  12 
Apr.  22 
May  2 
May  13 
May  23 
June  2 
July  18 
Aug.  6 
Aug.  17 
Aug.  20 
Sept.  8 
Oct.  6 
Oct.   24 


270 
140 
140 

1,000 
320 

1,320 
275 
220 
450 
235 
290 
285 

1,500 
860 
450 

2,800 
270 

1,000 
600 

3,000 
280 
900 


172 
96 
135 
894 
294 
1,567 
206 


a64 
.60 
.96 
.89 
.92 

1.19 
76 


aao 

.30 

.9 
2.4 
1.2 


228  1.04 


413 
233 
227 
192 

1,073 
961 
460 

2,730 
105 
834 
480 

4,119 
162 
811 


92 
.99 
.78 
.67 
.72 
1.12 
1.02 
.97 
.61 
.83 
.80 
1.37 
.58 
.90 


.40 
.25 
1.8 
.8 
.9 
1.2 
1.8 
2.2 
1.0 
.30 
.10 
.15 
.06 
.12 
.33 


18 
22 
11 
14 

&9 
13 
12 
13 

9.5 
11 

a7 
11 

6.9 
5.0 
2.7 


351 
381 
123 
180 
60 
62 


49  13 
66  17 


96 


20 


95  23 


67 
80 
49 
74 
33 
41 
31 
80 
157 
415 
261 
155 
179 
155 


ao 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 


230 
221 
115 
142 
76 
106 
155 
144 
131 
140 
106 
102 
86 
92 
100 
181 
196 
181 


136 
149 
72 
95 
57 


.0  195 


,0 
68.4 
6Tr. 


180 
184 
157 


63 
74 
61 
67 
421 
56 
32 
43 
34 
72 
103 
211 
212 
153 
117 
98 


Mean 

Percentage  of  an- 
hydrous residue.. 


755 


748 


.88 


.82 
e.2 


13 
2.1 


144 
23.5     11.9 


0|    148|      93 
15.2 


1.8 

Tr. 

.5 

.4 

1.5 

2.4 

3.8 

3.4 

1.2 

1.5 

1.2 

2.0 

3.6 

6.3 

1.8 

•2.8 

1.1 

1.5 

4.4 

1.3 

.3 

.2 


535 

568 
186 
276 
80 
87 
107 


82 

103 

65 

102 

37 

40 

34 

87 

213 

610 

347 

181 

265 

262 


1.285 

i,r 

519 
752 
304 
451 
433 
460 
366 
412 

28: 

377 
279 
305 
271 
414 
695 
1,500 
1,093 
736 
806 
771 


3.5 
3.6 
5.2 
&0 
10.4 
15.2 
8.6 
&1 
9.5 
6.8 
7.3 
7.0 
18.0 
17.4 
11.4 
10.6 
5.3 
5.3 
4.0 
5.0 
2.8 
3.3 


2.0 
.3 


203 
33.2 


»  Analyses  November  1, 1906,  to  January  31, 1907,  by  W.  M.  Barr:  February  2  to  20, 1907,  by  Henry  S. 
Spaulding- February  21  to  September  8. 1907.  by  Walton  Van  Winkle;  September  9  to  October  24, 1907. 
by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  Collins.  Oage  heights  from  records  of  Weather  Bureau  gage  at 
Little  Rock.  «*     -6" 

^  Abnormal;  computed  as  HCOt  in  the  average. 

t  Fe,0,. 

Above  Little  Rock,  Arkansas  River  drains  158,000  square  miles  in 
Arkansas,  Oklahoma,  Missouri,  Kansas,  New  Mexico,  and  Colorado, 
and  its  various  branches  are  widely  diverse  in  quality  as  is  indi- 
cated in  the  accompanying  table.  At  Arkansas  City,  Kans.,  the  river 
carries  more  mineral  matter  than  at  Little  Rock.  Cimarron  River 
and  Salt  Fork  traverse  great  areas  of  gypsum-bearing  rocks  and  salt 
marshes  before  they  enter  the  Arkansas  between  Arkansas  City  and 
Little  Rock,  and  the  heavy  loads  of  salt  and  silt  occasionally  carried 
by  the  main  stream  come  chiefly  from  those  tributaries.  On  the 
other  hand,  northeastern  branches  like  the  Verdigris  and  the  Neosho 
contribute  calcium  carbonate  waters  of  moderate  mineral  content. 
The  diverse  character  of  the  tributaries  explains  why  the  main  stream 
at  Little  Rock  exhibits  so  great  variation  in  composition  without 
apparent  relation  to  discharge ;  a  flood  on  Salt  Fork  or  the  Cimarron 
sends  down  salty  gypsiferous  water,  but  a  flood  on  a  tributary  like 
the  Neosho  sends  down  water  of  relatively  low  mineral  content.  This 
continual  fluctuation  in  composition  makes  treatment  of  the  water 
very  difficult. 
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Averm^e  ehemmeml  tomfoaiiiom  of  tke  wmier  of  eertmim  ftfcigg  0/ 
Ritxr  mbo€>e  LUOe  Bock^ 

[PwtsiHrBate.] 


mC<»- 

Bicbr^KBftie  rbiKir   Ii(.X»ti 

fclptttXe  r^ixie  .SO*,i 

Knr»i«r*dxieiNX*x 

Oklortee.ili 

TooldlMlndaallds 


LS 


157 
L4 


X3 


109 


It 

17 


•  Amlvses:  pwfc<mg*i  ^r  F.  1 


A.  J.  Wc*fc  IB  tke 


its  tbe  mvw«ee  craiBty  1 


The  following  table  gires  the  results  of  mniJyses  of  ccMopodte 
samples  of  water  from  Mississippi  Rirer  at  M^nphis,  Tenn^  a  few 
miles  southeast  of  Mariom  Ark.  The  water  averages  150  parts  ptf 
millioiu  or  slightly  less  than  9  grains  per  gallon,  in  its  content  of 
scale-forming  matter  and  about  140  parts  per  million  in  hardness 
expressed  as  CaCO,.  It  frequently  carries  heavy  loads  of  silt  that 
is  contributed  chiefly  by  Missouri  Siver.  After  the  mod  has  been 
removed  from  the  water  it  c<«stitntes  a  very  fair  supply  f <h-  boilers, 
though  it  may  be  somewhat  improved  for  that  purpose  by  being 
softened.  Treatment  similar  to  that  applied  at  the  filtraticxi  plant 
in  New  Orleans  would  render  the  river  water  anywhere  between 
ilemphis  and  New  Orleans  thoroughly  satisfactory  for  domestic 
and  industrial  u^e.  Though  the  stream  receives  several  tributaries 
between  thot*  two  points,  its  composition  is  not  essentially  changed, 
for  the  greater  portion  of  its  discharge  comes  frun  above  Memphis. 
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Mineral  analyBes  oS  water  from  Mississippi  River  at  Memphis,  TennJ* 

(Parts  per  million.) 


Date,  1907-8. 


From— 


To- 


o 


I 


I. 


•9 

El 


Jan.  10 
Jan.  21 
Jan.  31 
Feb.  10 
Feb.  20 
Har.  2 
Har.  12 
Mar.  22 
Apr.  1 
Apr.  11 
Apr.  21 
May  1 
May  11 
May  21 
May  31 
Jane  11 
Jane  21 
July  1 
July  11 
July  21 
July  31 
Aug.  10 
Aug.  20 
Aag.30 
8e^  0 
Sept  .19 
Sept  .20 
Oct.  9 
Oct.  19 
Oct.  29 
Nov.  10 
Nov.  20 
Deo.  2 
Deo.  13 
Deo.  23 


Jan.  20 
Jan.  80 
Feb.  9 
Feb.  19 
Mar.  1 
Mar.  11 
Mar.  21 
Mar.  81 
Apr.  10 
Apr.  20 
Apr.  80 
May  10 
May  20 
May  30 
June  9 
June  20 
June  30 
July  10 
July  20 
July  30 
Aug.  9 
Aug.  19 
Aug.  29 
Sept.  8 
Sept.  18 
Sept.  28 
Oct.  8 
Oct.  18 
Oct.  28 
Nov.  9 
Nov.  19 
Dec.  1 
Dec.  12 
Dec.  22 
Jan.     1 


Mean 

Percentage  of  an^ 
hydrous  residue 


420 
350 
840 
270 
420 
425 
680 
650 
960 
680 
550 
1,150 
375 
485 
420 
1,600 
1,300 
1,400 
1,000 
425 
900 
950 
600 
600 
280 
270 
220 
240 
270 
240 
230 
230 
180 
170 
265 


353 

239 

264 

216 

324 

355 

615 

505 

740 

485 

415 

816 

386 

484 

332 

1,421 

1,161 

1,244 

1,185 

1'     - 
797^ 


a84 

.68 
.78 
.80 
.77 
.84 
.90 
.92 
.77 
.71 
.76 
.71 
LOS 
1.00 
.79 


.89 
1.18 
3.26 
.80 
.93 


451 
307 
316 
203 
221 
198 
316 
203 
215 
187 
160 
265 


.75 
1.10 
1.17 
.92 
.92 
.73 
1.32 
.88 
.93 
1.04 
.94 
1.00 


10 

10 
7.4 
&8 

11 
&8 
7.9 

13 
8.0 
3.5 
7.9 


40 
39 
34 
37 
36 
34 
43 
40 
84 
22 
24 
31 
31 
19 
10 
19 
12 
16 
13 
14 
16 
21 
22 
17 
22 
24 
23 
14 
21 
20 
21 
10 
5.6 
24 
26 


07 
.7 
.20 
.7 

1.2 
.8 
.7 
.7 

1.3 

1.3 

1.4 

2.8 

1.6 

1.1 
.12 
.05 

1.0 
.18 
.30 
.11 
.08 
.20 
.13 
.17 
.16 
.14 
.22 
.5 
.37 
.12 
.52 
.42 
.07 
.24 
.56 


32 


37 
27 
29 
24 
26 
30 


9.0 
18 
17 
12 
10 
12 
11 
8.4 
15 
9.7 
7.7 
12 
12 
14 
11 
15 
12 
9.3 
12 
13 
12 
12 
12 
10 
10 
36^  13 
43  13 
42  13 
36  11 
33  10 


39 


36 


ao 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
hS.4 
67.2 
&7.2 
^Tr. 


146 
129 
82 
90 
112 
112 
102 
90 
115 
115 
104 
95 
95 
93 
122 
153 

156 

172 
143 
144 
149 
144 
130 
146 
145 
142 


6.0 
7.0 
7.0 
5.5 
7.0 

10 
9.5 
9.6 

12 
6.6 
&0 
9.0 
5.0 
6.1 
6.3 


4.9  5.9 


198 
209 
168 
165 


188 


67.2  134 


63.6 


159 


2.2  6.0 


67.2  150 


2.4 
1.8 
4.0 
4.6 
1.7 
1.2 
Tr, 
Tr. 
Tr. 
.20 
40  Tr. 


6Tr. 
68.4 
613 

6Tr. 


127 
106 
115 
124 


Tr. 

Tr. 
29  Tr. 
32  1.7 
35  1.5 


12 
9.0 
6.8 

ao 

&5 
8.4 

11 
9.8 
9.4 
9.6 

11 

14 

16 
9.0 
9.6 
9.6 


32.8 
34.9 
39.5 
28.7 
186]  18.0 
205  25.8 
172  29.7 
16^  34.2 
32.9 
23.6 
21.5 
24.7 
1881  308 
25.8 
19.2 
247)  27.3 
28.2 
2451  21.9 
246  17.8 
250  22.9 
205  22.9 
220  17.0 
236  14.8 
207  14.1 
11.8 
10.1 
219^  10.0 
198^  10.9 
9.9 
7.0 
9.0 
2001  12.0 
162  11.6 
201  8.4 
195  13.6 


208 
235 
257 


556      519 


.97 


24 


.61 


11.5     e.4 


36 
17.3 


12 
5.7 


.0 
3a5 


129 


43 
20.6 


202 


a  Analyses  January  10  to  May  10, 1907,  by  Jas.  R.  Evans:  May  11  to  September  8, 1907,  by  Walton  Van 
Winkle;  September  9, 1907,  to  Januarv  1, 1908,  by  R.  B.  Dole,  Chase  Palmer,  and  W.  D.  ColUns.  Samples 
eoDected  in  main  current  by  T.  D.  Snroyer.  Gage  heights  from  records  of  gages  at  Memphis  maintained 
by  Weather  Bureau  and  Cor^  of  Engineers,  U.  S.  Army. 


*  Abnormal;  computed  as  HCOs  in  the  average. 

•  FeaOg. 
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GROUND  WATERS. 
CHEMICAL  ANALYSEa 

Forty-seven  mineral  analyses  of  water  were  made  especially  for 
this  report  by  Dr.  J.  R.  Bailey,  of  the  University  of  Texas,  in  general 
accordance  with  the  methods  outlined  ^  in  Water-Supply  Paper  230, 
except  that  somewhat  smaller  portions  of  the  sample  were  taken 
for  certain  determinations;  also  the  content  of  the  alkalies  (Na+K) 
was  calculated  from  the  reacting  values  of  the  acid  and  the  other 
basic  radicles  in  all  analyses  except  those  in  which  silica  was  deter- 
mined. Where  silica  was  determined  the  alkalies  were  weighed  as  the 
mixed  chlorides  (NaCl-j-KCl).  Besides  those  by  Dr.  Bailey,  21 
analyses  were  procured  from  various  sources.  Most  of  these  analyses 
were  originally  expressed  in  grains  per  United  States  gallon  in 
hypothetical  combinations,  but  they  have  been  recomputed  to  ionic 
form  in  prrts  per  million  in  order  that  they  may  be  compared  with 
other  data.  Expression  of  the  results  of  water  analyses  in  parts  per 
million  has  been  generally  adopted  by  sanitary  and  research  chem- 
ists and  by  many  technical  chemists  in  place  of  expression  in  grains 
per  gallon,  and  the  exclusive  use  of  the  former  unit  is  delayed  only 
by  disinclination  to  adjust  mental  standards  to  the  decimal  qrstem. 

For  convenience  of  those  who  may  desire  to  transfer  the  results 
to  other  forms  of  expression  it  may  be  stated  that  multiplying  the 
number  of  parts  per  million  by  0.058  gives  the  equivalent  in  grains 
per  United  States  gallon  of  231  cubic  inches;  multiplying  it  by  0.07 
gives  the  equivalent  in  grains  per  imperial  gallon;  and  multiplying 
it  by  0.00833  gives  the  equivalent  in  pounds  per  thousand  gallons. 

The  analytical  methods  commonly  employed  in  examining  water 
permit  the  estimation  of  the  elements  and  radicles  present,  the  deter- 
mination of  the  total  amount  of  mineral  matter  in  solution,  and  the 
more  or  less  approximate  separation  of  the  incrusting  from  the 
nonincrusting  constituents.  Further  than  this,  however,  ordinary 
chemical  tests  give  little  knowledge  regarding  the  chemical  composi- 
tion of  mineral  waters  and  consequently  the  exact  amounts  of  the 
different  salts  in  solution  are  largely  conjectural.  Though  such  salts 
as  sodium  chloride,  potassium  carbonate,  and  magnesium  sulphate, 
for  example,  are  probably  present  they  are  not  determined  as  such 
and  their  exact  amounts  can  not  be  computed  from  the  analytical 
data.  Because  of  that  the  ionic  form  of  stating  the  analyses-^^^jji^  is, 
stating  the  radicles  present — has  been  used  in  this  report,  lire  fig- 
ures thus  give  facts  and  not  opinions  and  present  actual  laboratory 

^  Dole.  R.  B.,  The  quality  of  surface  waters  In  the  United  States :  U.  8.  Geol.  Sorvej 
Water-supply  Paper  286.  pp.  9-39,  1909. 
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0 

07 

83 

3 

89 

78 

6 

33 

0 

98 

0 

97 

?? 

49 

s 

34 

9 

33 

p 

64 

106 

Trace. 

13 

33 

35 

64 

64 

89 

54 

69 

78 

27 

94 

87 

•  * " 

66 

64 

50 

70 

55 

115 

103 

119 

26 

91 

76 
43 

7.3 

93 

85 

78 

[  195,  pp.  185-86,  ll 
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results  for  consideration  and  criticism  by  others  than  those  who 
made  the  tests. 

The  available  chemical  analyses  of  water  from  wells  in  eastern  and 
northeastern  Arkansas  are  given  in  the  accompanying  table,  which 
is  arranged  alphabetically  by  coimties.    The  position  of  the  wells 
from  which  samples  were  taken  is  indicated  in  Plate  XI.    The  table 
gives  the  water-bearing  stratimi  from  which  the  supply  of  each 
well  chiefly  comes,  as  determined  by  Messrs.  Stephenson  and  Crider. 
The  total  hardness,theprobablecontentof  scale- forming  and  of  foam- 
ing ingredients,  and  the  probability  of  corrosion  of  each  water  have 
been  computed  from  the  data  of  the  analyses  and  entered  in  the 
table.     Each  water  has  also  been  classified  in  respect  to  its  avail- 
ability for  boiler  and  domestic  use  and  for  irrigation.    These  com- 
putations and  ratings  have  been  made  in  accordance  with  the  for- 
mulas and  standards  already  discussed  (pp.  281-291).    It  should  be 
thoroughly  recognized  that  the  ratings  refer  only  to  the  effect  of  the 
mineral  ingredients  of  the  waters  and  not  to  other  conditions.    The 
statement  that  a  water  is  good  for  irrigation  implies  that  it  does  not 
contain  enough  alkali  to  cause  trouble  under  the  conditions  of  irri- 
gation commonly  practiced  in  this  country,  but  the  statement  does 
not  take  into  account  soil  or  crop  conditions.    The  statement  that  a 
water  is  good  for  domestic  use  implies  likewise  that  it  does  not  con- 
tain harmful  or  otherwise  objectionable  mineral  substances  in  solu- 
tion, but  the  water  may  or  may  not  be  exposed  to  harmful  pollution. 
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FIELD  ASSAYa 

The  field  assays  by  Messrs.  Stephenson  and  Crider  in  the  follow- 
ing table  were  made  according  to  the  methods  described  by  Leight<m.* 
The  results  are  necessarily  less  accurate  than  those  obtained  by  analy- 
sis in  a  laboratory,  because  of  the  approximate  nature  of  the  tests  and 
because  of  the  conditions  imder  which  the  examinations  were  made. 
Iron,  carbonate,  bicarbonate,  sulphate,  and  chlorine  were  estimated, 
but  as  total  hardness  was  not  estimated  it  is  impracticable  to  interpret 
except  in  a  general  way  the  results  of  the  tests.    The  figures  serve, 
however,  to  amplify  the  data  in  the  table  of  analyses  (p.  302),  as  they 
furnish  some  information  regarding  the  water  of  wells  not  otherwise 
examined.    The  total  mineral  content  of  the  waters  has  been  calcu- 
lated from  the  estimates  of  the  acid  radicles.    The  relatively  high 
color  reported  for  many  of  the  samples  is  rather  surprising  as  most 
deep  groimd  waters  are  only  slightly  colored.    If  these  figures  rep- 
resent true  color  and  not  the  apparent  color  caused  by  a  sli^t  pre- 
cipitate of  iron  or  other  substance  they  indicate  the  presence  of  more 
or  less  vegetable  matter,  not  necessarily  harmful,  however,  in  tbe 
alluvial  deposits. 

^Leighton,  M.  O.,  Field  assay  of  water:  U.  S.  Geol.  Survey  Water-Sapply  Paper  151, 
1905.  See  also  Dole,  R.  B.,  The  rapid  examination  of  water  In  geologic  auryeys  of  water 
resources :  Bcon.  Oeology»  vol.  0,  pp.  840-862,  1811. 
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No. 


4l> 
» 

7d 
86 
96 

106 
116 
126 
136 
146 
156 
I«6 


17d 
ISd 
l»f 
20d 
216 


226 


23d 
2id 

25rf 
2nd 
27d 
284 
29d 


Sid 
32d 
3»< 
84d 
35<i 
3fr< 
37d 
38>( 


396 


406 
416 
426 


4ad 
44d 
45d 
46d 
47<f 
48<< 
49<f 


Ixxiation. 


▲ULANSAS  COUNTT. 


Dewitt., 
....do.. 
....do.. 


CKAIGHEAD  COUNTY. 


Brookland 

do 

CalberhouM 

Dee 

Qreenboro 

Qubertown,  2  miles  north- 
west of. 

Jonesboro 

....do 

Nettleton 

....do 

....do 

O'Bear 

....do 


CBRTKNDEN  COUNTY. 


iToton 

Markm 

do 

do 

Tiirrell 


ORSEN  COUNTY. 

Lorado , 


LONOKE  COUNTY. 


Baucum 

Blakemore 

England 

Jebb 

Jebb.  3  miles  west  of. 

"Old  River" 

Toltec 

Tomberlins 


BlythevUle. 

— do 

...do 

Manila 

...do 

Osceola 

....do 

...do 


FHILUPS  COUNTY. 

Trenton 

POmSETT  COUNTY-. 


Tyronxa. 
welner.. 


.do. 


PRAIRIE  COUNTY. 


Driven 
Drived 
Bored  1 


Bored' 
Town 


StUlH^ 


Bisooe 

Devall  Bluff, 
do. 


Devall  Bluff.  |  mile  south  of. 
DevallBlufl 


Hazen. 

.-..do 

5W  j  Tollville 

5\d    Tollville,  \  mile  west  of. , 


PULASKI  COUNTY'. 


52<  ,  Scott.. 


Town< 


Driven) 
Dugwd 
Town^ 
Driven 
Driven] 
Dug  wd 
Well  of 
Dug  w^ 


Dug  w« 
Driven 
Driven 
Driven! 
Driven! 
Driven  fl 
Well  atj 
Cistern  I 

Driven 


Well  na 
Driven 
Well  of 


Driven ' 
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QUALITY  IN  RELATION  TO  WATEB-BEABING  STRATUM. 
s^UATERNARY  ALLUVIUM. 

More  than  five-sixths  of  the  wells  whose  waters  have  been  analyzed 
draw  chiefly  from  the  alluvium,  and  most  of  these  are  situated  west 
of  Crowley s  Ridge  (see  PL  XI)  in  the  Advance  lowlands.  Indeed, 
the  economic  value  of  ground  waters  in  this  area  is  practically  a 
question  of  the  value  of  waters  from  the  alluvium,  which  almost 
everywhere  yields  large  supplies  at  moderate  depths.  According  to 
Mr.  Stephenson,  the  alluvium  consists  of  loams,  clays,  sands,  and 
gravels;  in  the  Pleistocene  deposits  there  is  a  general  downward 
gradation  from  fine  surface  silts  or  loams  through  compact  clays  and 
fine  sands  to  coarse  sands  and  gravels  at  the  base.  Dark  carbonaceous 
clays,  logs,  limbs  of  trees,  and  peaty  accumulations  representing 
buried  swamp  deposits  are  occasionally  encountered  in  boring  wells. 

The  following  table  gives  a  resumfi  of  the  analyses  of  water  from 
the  alluvium  and  shows  the  approximate  average  composition  of  the 
supplies  and  the  general  range  of  their  constituents.  The  figures 
have  been  rounded  oflf  to  avoid  appearance  of  undue  accuracy.  There 
is  a  wide  range  in  mineralization,  as  may  be  expected  in  water  from 
any  irregularly  bedded  deposit,  and  a  few  waters  exceed  the  limits 
noted  in  the  table.  More  than  three-fourths  of  the  supplies,  how- 
ever, range  in  mineral  content  from  200  to  520  parts  and  in  hardness 
from  150  to  400  parts  per  million.  In  other  words,  they  are  calcium 
carbonate  waters  of  moderate  mineral  content,  rather  hard,  but  con- 
taining relatively  little  alkali.  Sulphate  (SO4)  exceeds  40  parts  per 
million  in  only  five  analyses  of  water  from  the  alluvium  and  is  gen- 
erally less  than  20  parts.  Chlorine  exceeds  40  parts  in  nine,  but  is  as 
low  as  10  parts  in  a  large  proportion. 

Approximate  chemical  composition  of  craters  from  the  alluvium  in  eastern  and 

northeastern  Arkansas. 


Constituents. 


Approximate 
average. 


Parts  per 
milUon. 


Percent- 
age of  an- 
hydrous 
residue. 


A  pproxiniate  range 
(parts  per  million). 


Highest. 


Lowest. 


8fllca(8IO^ 

Calcfa]m(Gft) 

Ifagnesiom  (Mg) 

Sodium  and  potassium  (Na+K) 

Carbonate  radicle  (CO,) 

Bicarbonate  radicle  ( HCOt) 

Sulphate  radicle  (8O4) 

Chlorine  (Cl) 

Total  dissolved  solids 

Total  hardness  as  CaCOt 


40 

75 

25 

25 

0 

340 

15 

25 

370 

280 


120 
40 
70 
0 

550 
80 
85 

800 

500 


35 

10 

5 

0 

120 

1 

5 

160 

120 


11674**— W8P  399— 16 


Digitized  by  VjOOQIC 


806      GEOLOGY  AND  GROUND  WATERS,  NORTHEASTERN   ARKANSAS. 

The  hardness  of  the  waters  indicates  the  presence  of  a  rather 
large  proportion  of  calcareous  material  in  the  alluvium,  and  that 
condition  indeed  might  be  expected  in  view  of  the  great  abundance 
of  limestone  in  the  upper  basin  of  Mississippi  River  and  its  great 
tributaries,  from  which  the  alluvium  is  largely  derived.  Compact 
crystalline  limestones  and  dolomites  comprise  much  of  the  older 
sedimentary  formations  there,  and  later  deposits  are  also  strongly 
calcareous.  Contrary  to  common  belief  the  d6bris  carried  from  lime- 
stone regions  is  not  completely  robbed  of  its  calcareous  material  by 
the  water  that  removes  it  and  later  deposits  it  as  alluvial  material; 
limestone  even  when  finely  divided  is  dissolved  in  appreciable  quan- 
tity only  in  so  far  as  the  carbon  dioxide  in  the  contiguous  water 
renders  it  soluble;  consequently  alluvium  derived  from  limestone 
retains  much  of  its  calareous  material  and  wherever  waters  con- 
taining free  carbon  dioxide  percolate  through  such  alluvium  they 
may  become  as  hard  as  those  traversing  limestone  itself. 

It  is  interesting  to  note  the  similarity  in  composition  of  water  from 
the  alluvium  of  Arkansas  and  that  from  calcareous  deposits  in 
Indiana  and  Ohio.  (See  table,  p.  307.)  The  unconsolidated  deposits 
of  the  latter  States  are  mostly  glacial  drift  and  yield  waters  of 
similar  quality ;  the  limestones  of  the  same  region  also  yield  similar 
supplies.  The  alluvium  of  Arkansas  yields  water  containing  prac- 
tically as  much  bicarbonate,  only  slightly  less  calcium  and  mag- 
nesium, but  much  less  sulphate.  The  alluvial  water  contains  about 
three- fourths  as  much  mineral  matter,  which  in  comparison  with  the 
waters  of  Indiana  and  Ohio  is  lower  in  its  percentage  of  sulphate 
and  slightly  higher  in  its  percentage  of  carbonate.  The  ratios  of 
magnesium  to  calcium  in  lines  A  to  E,  inclusive,  are,  respectively, 
1:2.6,  1:2.9,  1:2.0,  1:2.6,  and  1:3.0— that  is,  wiUi  the  exception  of 
water  from  the  "Niagara"  limestone,  which  is  highly  dolomitic, 
these  waters  contain  33  to  39  per  cent  as  much  magnesium  as 
calcium.  These  comparisons  show  that  this  alluvium  yields  water 
almost  as  hard  as  that  from  old  compact  limestones,  and  they  also 
show  that  even  thoroughly  washed  material  may  strongly  impr^- 
nate  with  mineral  matter  the  waters  percolating  through  it. 

The  water  from  the  limestone  of  the  Vicksburg  formation  of 
Georgia^  whose  average  composition  is  indicated  in  lines  F  and  L 
of  the  following  table,  is  more  or  less  typical  of  supplies  from  the 
calcareous  Tertiary  sediments  of  Greorgia  and  it  is  inserted  for  awn- 
parison.  The  water  is  very  much  softer  and  lower  in  mineral  ccmtent 
than  that  of  the  alluvium  in  Arkansas,  and  the  relative  proportions 
of  calcium  and  magnesium  are  entirely  different. 
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Comparison  of  the  quality  of  water  from  the  Quaternary  alluvium  of  eastern 
Arkansas  with  that  of  ground  waters  in  Indiana,  Ohio,  and  Georgia, 

Xiiiand  oontont  in  parta  per  million. 


Num- 
ber of 
an- 
alyses 
aver- 
aged. 

Silica 
(SiOi). 

Iron 
(Fe). 

Cat. 
cium 
(Ca). 

nesium 
(Mg). 

Sodium 
and 
potas- 
sium 

(Na+K). 

Carbon- 
ate 
radicle 
(CO,). 

Bicar- 
bonate 
radicle 
(HCO«). 

Sul- 
phate 
radicle 
(8O4). 

Chlo. 
rine 
(CI). 

Dis- 
solved 
solids. 

A 

120 
189 

ao 

80 
64 

28 

20 
18 
20 
18 
40 
20 

0.8 
.8 
.6 

1.8 
........ 

90 
91 
80 
82 
76 
40 

86 
31 
40 
31 
25 
6 

30 
18 
20 
27 
26 
10 

0 
0 
0 
0 
0 
0 

390 
306 
360 
341 
340 
140 

90 
76 
80 
70 
16 
20 

60 
47 
26 
19 
25 
6 

500 

B 

467 

C 

440 

D 

466 

E 

370 

F 

190 

o 

11 
12 

0 
0 
0 
0 
0 
1 

18 
21 
18 
20 
20 
24 

7 
7 
9 
7 
7 
8 

38 
86 
40 
40 
44 
40 

18 
18 
18 
17 
4 
12 

10 
11 

H 

I 

J 

K 



L 

A»  G.  Unconsolidated  deposits  of  southwestern  Ohio. 

B,  H.  Unconsolidated  deposits  of  north-central  Indiana. 

C,  I.  "Niagara' 'limestone  of  southwestern  Ohio. 

D,  J.  Limestones  yielding  fresh  water  in  north-ooitial  Indiana. 

E,  K.  Quaternary  alluvium  of  eastern  Arkansas. 

F,  L.  Limestone  of  Vioksburg  formatk>n  of  Georgia. 

(A,  Q,  C,  and  I  flrom  U.  S.  Geol.  Survey  Water-Supply  Paper  2S9,  p.  212, 1912;  B,  H,  D,  and  J  firom  U.  8. 
Oeol.  Survey  Water-Supply  Paper  254,  pp.  260-261,  1910;  and  F  and  L  from  U.  S.  GeoL  Survey  Water- 
Supply  Paper  341,  pp.  622^23, 1916.) 

The  iron  content  of  waters  from  the  alluvium  of  Arkansas  differs 
greatly  from  place  to  place,  and  some  of  the  supplies  carry  enough  to 
render  them  distasteful  and  capable  of  staining  fabrics  washed  in 
them.  Mr.  Stephenson  mentions  the  appearance  in  the  surface 
materials  of  iron  in  the  form  of  small  limonite  concretions,  whose 
irregular  distribution  probably  explains  the  difference  in  iron  con- 
tent of  the  waters. 

The  waters  of  the  alluvium  are  generally  potable,  but  they  are  so 
hard  that  most  of  them  have  been  rated  as  only  fair  for  domestic  use. 
Fortunately,  the  greater  proportion  of  the  hardness,  being  temporary, 
can  be  removed  by  boiling  the  waters  and  allowing  the  sediment  thus 
produced  to  settle.  The  waters  are,  almost  without  exception,  good 
for  irrigation  and  can  be  used  without  fear  of  their  causing  accumula- 
tions of  alkali  in  the  soil.  Few  would  be  likely  to  foam  in  or  corrode 
boilers,  but  all  carry  considerable  soft  scale  forming  matter  and 
for  boiler  use  could  be  greatly  improved  in  preheaters  or  cold  water 
softening  plants.  The  classification  of  them  as  fair  to  poor  for  boiler 
use  is  rather  more  severe  than  the  classification  adopted  by  some  rail- 
roads traversing  Arkansas,  but  it  corresponds  to  the  ratings  outlined 
on  pages  284-287. 
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CRETACEOUS  AND  TERTIARY  FORMATIONS. 

The  analyses  of  water  from  Tertiary  and  Cretaceous  formations 
in  eastern  Arkansas  are  so  few  that  little  can  be  deduced  regarding 
their  general  quality.  Analyses  15,  22,  and  48  in  the  table  opposite 
page  302  represent  calcium  carbonate  waters  of  moderate  mineral 
content  from  the  Wilcox  formation,  which  comprises  strata  of  sands, 
clays,  quartzites,  and  lignites.  No.  45  in  the  same  table  is  a  partial 
analysis  of  water  from  the  Claiborne  formation  in  Phillips  County. 
A  well  1,495.5  feet  deep  in  Mississippi  County  is  believed  to  draw  its 
supply  chiefly  from  Cretaceous  sands  (see  analysis  No.  39),  and 
a  shallower  well  in  White  Coimty  (analysis  No.  64)  enters  Car- 
boniferous strata.  Three  other  wells  in  St.  Francis,  Lee,  and  Mon- 
roe counties  (see  analyses  Nos.  58,  28,  and  42)  enter  undifferentiated 
formations  of  the  Eocene  series.  The  latter  of  these  yields  a  salt 
water  of  high  mineral  content. 

QUALITY  IN  RELATION  TO  GEOGRAPHIC  POSITION. 

Waters  containing  moderately  large  amounts  of  sulphate  or 
chloride  have  been  occasionally  encountered  in  eastern  and  north- 
eastern Arkansas  but  with  little  apparent  regularity,  and  they  prob- 
ably are  derived  from  local  gypsiferous  or  saline  beds  that  may  owe 
their  origin  to  influxes  of  highly  mineralized  silts  from  the  area  now 
included  in  Oklahoma  and  southwestern  Kansas.  Though  the 
waters  from  the  alluvium  of  the  lowlands  range  in  mineral  content 
approximately  from  160  to  800  parts  per  million,  the  available 
analyses  do  not  indicate  any  definite  geographic  distribution  of 
waters  of  high  or  low  mineral  content.  Most  of  the  ground  waters 
are  potable,  acceptable  for  irrigation,  and  capable  of  being  purified 
for  industrial  use.  Consequently  the  occasional  occurrence  of  waters 
relatively  high  in  mineral  content  is  not  especially  serious. 

Of  the  08  waters  whose  analyses  are  given  in  the  table  (p.  302) 
only  10  exceed  50  parts  per  million  in  content  of  sulphate  or  100  in 
content  of  chlorine.  Six  of  these  are  from  wells  in  the  area  between 
Arkansas  and  White  rivers.  The  data  of  the  field  assays  (p.  304) 
indicate  that  waters  rather  high  in  sulphate  and  chlorine  come  from 
some  but  not  by  any  means  all  wells  in  the  same  area.  The  owners 
of  a  few  wells  in  Arkansas  and  Prairie  counties  have  reported  saline 
waters  (pp.  150,  251).  All  these  facts  together  lead  to  the  conclusion 
that  local  deposits  of  gypsiferous  and  sa:line  material  may  be  more 
numerous  in  the  alluvium  between  Arkansas  and  White  rivers  than 
elsewhere  in  northeastern  Arkansas.  The  water  of  Arkansas  River 
contains  a  large  proportion  of  sulphate  and  chlorine,  and  past  mean- 
dering of  this  stream  may  explain  the  presence  of  the  mineralized 
alluvial  spots.    Mr.  Stephenson  states  (p.  271)  that  the  ground  waters 
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have  a  distinct  brackish  taste  in  a  considerable  area  in  the  eastern 
part  of  White  County,  particularly  in  the  vicinity  of  West  Point 
and  Worden  and  east  of  Russell.  Greater  development  of  ground 
waters  in  the  lowlands  will  doubtless  result  in  the  discovery  of 
similar  areas. 

QUALITY  IN  BELATION  TO  DEPTH  OF  WELL. 

The  averages  in  the  following  table  indicate  that  wells  less  than 
100  feet  deep  in  the  alluvium  are  likely  to  yield  waters  of  somewhat 
lower  mineral  content  than  deeper  ones,  but  this  apparent  difference 
may  be  a  fortuitous  coincidence  of  figures,  though  the  number  of 
analyses  that  have  been  averaged  is  fairly  great.  Aside  from  this  dif- 
ference the  comparative  quality  of  waters  from  various  depths  in  the 
alluvium,  as  indicated  by  the  results  in  the  table  opposite  page  302, 
appears  to  depend  entirely  on  the  locality.  This  condition  may  be 
expected  because  the  alluvium  is  irregularly  bedded. 

Mineral  content   of  water  from  the   alluvium  of  eastern  and  northeastern 
Arkansas  in  relation  to  depth  of  well. 


Depth  of 
weUs. 

Number 

of 
analyses 
averaged. 

dissolved 
solids. 

Average 

total 
hardness 
as  CaCOi. 

Feet, 

«a-ioo 

101-149 
150-200 

12 
22 
10 

Parts  per 

miUkm. 

366 

375 

378 

Part*  per 

miUkm, 

254 

296 

296 

ECONOMIC  VALXTE. 

The  probable  value  of  the  waters  that  have  been  analyzed  is  indi- 
cated in  the  last  three  columns  of  the  table  opposite  page  304.  So 
few  analyses  of  supplies  from  Cretaceous  and  Tertiary  strata  are 
available  that  no  general  statements  regarding  their  usefulness  can 
be  made. 

The  waters  of  the  alluvium  in  general  are  calcium  carbonate  wa- 
ters of  moderate  mineral  content.  They  are  rather  hard,  but  as  most 
of  the  hardness  is  carbonate  or  temporary,  they  can  be  softened  by 
being  boiled.  Some  carry  enough  iron  to  taste  unpleasant,  but  most 
are  potable.  Practically  all  are  suitable  for  irrigation.  Few  are 
likely  to  cause  foaming  or  corrosion  in  boilers,  but  all  carry  consider- 
able scale-forming  matter  and  for  boiler  use  could  be  greatly 
improved  in  preheaters  of  cold  water  softening  plants.  For  these 
reasons  they  have  been  rated  as  fair  or  poor  for  boiler  use  in  their 
natural  state,  but  capable  of  being  made  satisfactory  at  relatively 
little  expense. 
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